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ERRATA. 

April,  1886. — Discussion  by  E.  L.  Cokthell  on  tbe  Soutb  Pass  Jetties. 

Page  270,  7tb  line. — Insert  the  word  "  not  "  after  tbe  words  "an  engineer  .who  bas."  Tbe 
sentence  will  tben  read:  "An  engineer  wbo  has  not  pursued  bis  way  through  these  schools 
and  obtained  his  rank,  has  to  remain  ten  years,  often  ten  or  fifteen  a  '  Conductor,'  and  tben 
to  j)as8  an  extraordinary  examination  in  order  to  be  titled  '  Ordinary  Engineer.'  " 

Same  page,  28tb  line.— After  tbe  words  "  from  among  tbe,"  insert  tbe  word  "  Conductors  " 
in  place  of  the  words  "Civil  Engineers." 

Same  page. — After  tbe  29tb  line  insert  tbe  following  paragraph  (the  final  paragraph  re- 
maining as  printed): 

"  It  must  be  confessed  that  tbe  high  rank  of  tbe  Corps  des  Fonts  et  Chaussees  must  be 
attributed  to  tbe  system  of  admission  through  tbe  best  schools  and  admitting  only  the  best 
pupils.  This  system  is  a  democratic  system,  its  positions  being  given  not  as  a  privilege  to 
rich  or  noble  people,  but  to  the  most  able  young  men.  Nevertheless,  I  believe  that  tbe  doors 
are  not  enough  open  to  such  engineers  as  succeed  in  educating  themselves  in  other  ways 
with  the  intention  of  obtaining  governmental  positions.  In  France  the  tendency  to  be  an 
employe  of  tbe  government  is  a  general  one.  I  believe  it  is  not  so  in  tbe  United  States,  and 
it  proves  that  your  people  have  more  feeling  for  independence,  and  it  is  better  for  you." 

June,  1886— Discussion  by  Geoege  H.  Pegram.  Page  477.  In  Table,  for  the  word  Mogul, 
read  Class  M.  Page  479.  Table  for  Case  3.  Third  line,  fourth  column,  for  205  414,  read 
295  414. 

July,  1886.— Johnson  on  the  Strength  of  Columns.  Page  522,  in  equations  (6),  (7)  and  (8), 
acd  page  523,  in  equations  (15),  (16)  and  (17),  instead  of  tbe  letter  I,  there  should  be  the 
Hgure  1. 

July,  1886.— Discussion  on  The  Strength  of  Columns,  by  James  Christie,  M.  Am.  Soc. 
C.  E.    Table  on  Page  533.    The  first  line  referring  to  hard  steel  reads: 

Hardsteel |      l^Xli  XJJ      |      42      |      1.25      |      48  300    ]    38  610    |         93 

This  should  read  as  follows: 

Hardsteel |      IJXlj  X^|      |      42      |      1.25      |      48  300    |    38  610    |       114 

Mr.  Christie  states  that  the  error  was  made  original  y  in  making  the  report  of  the  tests 
and  not  discovered  till  in  print. 
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ENGLISH   AND   AMEEICAN   EAILROADS  COM- 
PARED. 


By  Edwakd  Bates  Dorset,  M.  Am.  Soc.  C.  E. 

Bead  at  the  ANNUAii  Convention,  June  24th,  1885. 

With  Additions  Bead  October  7th,  1885. 


Perhaps  the  first  thing  that  strikes  an  American  engineer  in  railroad 
traveling  in  England  *  is  the  inconvenience  of  the  English  *  passenger 
car.  It  should,  however,  be  considered  that  this  style  of  car  suits  the 
exclusive  and  retiring  character  of  the  English;  and  also  that  very 
long  journeys,  such  as  we  ai'e  accustomed  to  make,  are  impossible  in 
such  a  small  island  ;  moreover, the  English  do  not  travel  nearly  as 
much  as  we  do,  consequently  the  conflnemetit  in  a  small,  locked-up 

*  Explanatory  Note. — In  this  paper,  unless  otherwise  stated. 

The  words  England  or  English  will  represent  the  United  Kingdom,  i.  e.,  England,  Scot- 
land, Wales  and  Ireland. 

The  pound  sterling  will  be  considered  equal  to  five  dollars  .American  money. 
■    The  American  ton  contains  2  000  pounds. 

The  English  ton  contains  2  210  pounds. 

The  data  used  in  this  paper  relating  to  the  English  railroads,  were  taken  from    the 

orts  of  the  Board  of  Trade  of  the  United  Kingdom,  or  from  the  reports  of  the  different 
!>oad  companies. 

The  data  relating  to  the  American  railroads  were  taken  from  the  reports  of  the  Railroad 
Commissioners  of  the  different  States,  Poor's  Manual,  and  the  reports  of  the  different  rail- 
road companies. 

For  some  unexplained  reason,  these  different  authorities  do  not  always  agree,  conse- 
quently there  may  be  apparent  errors  in  this  paper,  when  comparison  is  made  with 
authority  different  from  that  from  which  it  was  originally  taken. 
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comijartment  is  uot  so  much  felt  as  it  woiikl  l)e  with  us  in  our  long 
journeys. 

Much  allowance  must  be  made  for  the  modern  English  railway 
engineer.  Whatever  faults  he  may  have  seen  in  the  passenger  cars,  lie 
has  been  jjowerless  to  make  any  important  change,  except  at  an  un- 
justifiable cost.  Stephenson  and  his  colleagues  mounted  the  old  stage- 
coach body  on  car  wheels,  which  became  the  type  of  the  i^assenger 
cars ;  and  coal  wagons  that  were  then  in  use  in  the  collieries  were  i)ut 
on  the  railroad,  and  became  the  type  of  freight  cars;  and  before  the 
conservative  English  character  thought  that  they  ought  to  be  improved, 
and  should  be  changed,  the  trunk  lines  had  been  built,  adapted  to  this 
narrow^  and  low  type  of  rolling  stock;  to  have  made  it  wider  and  higher 
later  would  have  required  the  removing  and  reconstruction  of  the 
masonry  jjlatforms,  the  raising  and  widening  of  bridges  and  tunnels — in 
fact,  almost  a  reconstruction  of  the  road.  This  will  prevent  the  use  of 
our  high,  wide  and  pleasant  cars.  It  is  uot  fair  to  blame  the  modern 
English  engineer  for  continuing  the  use  of  this  description  of  cars, 
which  he  cannot  change  at  any  justifiable  expense. 

Ow'ing  to  the  extent  of  the  United  States  and  the  apparent  isolation 
of  our  early  railroads,  or  separation  from  each  other  (at  the  beginning 
Ave  did  not  think  as  much  of  continuous  connections,  and  not  breaking- 
bulk  as  we  do  noAv),  our  engineers  were  comparatively  free  to  invent 
and  adopt  the  best  system  according  to  their  judgment,  and  later,  Avhen 
it  became  necessary  to  consolidate,  the  fittest  has  survived  in  our 
2)resent  system.  Perhaps,  OAving  to  our  bad  roads,  the  American  stage- 
coach did  not  come  up  to  the  American  engineer's  idea  of  hixurious  or 
comfortable  traveling  ;  hence  he  kejjt  on  imjiroving,  and  develojied 
the  Pullman  hotel  train  as  run  between  New  York  and  St.  Louis  or 
Chicago,  while  on  the  good  English  roads  this  stage-coach  came  up  to 
Stephenson's  ideas  of  comfort  and  luxury. 

Engineering,  Locating,  etc. 

It  is  evident  that  the  English  engineer  was  not  obliged  to  study 
economy  so  closely  as  the  American  in  locating  or  constructing;  judging 
by  the  work,  the  former  has  always  had  at  his  disjiosal  abundance  of 
time  and  money.  The  roads  built  by  him  could  not  have  been  built,  as 
some  of  onr  American  roads  have  been,  at  the  rate  of  over  five  miles  per 
day;  or,  as  some  were  done,   by  laying  the  rails  first  and  afterwards 
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building  the  road.  The  English  engiueer  seems  to  have  the  idea  that 
the  railroad  should  be  built  as  uear  a  straight  line  and  level  as  jjos- 
sible.  and  is  willing  to  spend  a  much  larger  amount  to  approach  this 
ideal  iierfeetiou  than  the  American  engineer  is.  Consequently  the  Eng- 
lish railroad  is  located  much  straighter,  with  easier  curves  and  grades 
than  the  American  location  would  have  been  over  the  same  ground,  but 
at  greatly  increased  cost  in  money  and  time  required  for  construction. 
Kecently  English  engineers  have  introduced  on  their  new  roads  curves 
and  grades  that  would  have  been  considered  impracticable  by  Steplien- 
son  and  his  contemporaries. 

In  locating  railroads  in  England,  the  engineer  derives  much  assist- 
ance from  the  maps  of  the  Ordnance  Survey,  which  are  so  i^erfect  that 
the  route  and  approximate  location  can  be  determined  before  going  on 
the  ground  in  all  the  counties;  while  some  counties  are  so  perfectly 
contoured  that  a  location  and  profile  could  be  made  without  a  survey, 
Avhich  would  be  correct  enough  for  preliminary  jiurposes. 

Special  Acts  of  Parliament  must  be  obtained  for  every  new  road  or 
branch.  Before  this  can  be  applied  for,  much  less  obtained,  there  must 
be  a  very  exact  profile  and  map  filed,  showing  everything  within  three 
hundred  and  thirty  feet  on  each  side  of  the  proposed  line.  If  Parlia- 
ment should  grant  the  application,  only  a  very  small  deviation  in  grade 
or  alignment  is  allowed  from  the  jilan  and  profile  filed  originally.  These 
l^lans  must  be  very  correct.  There  is  a  story  told  that  an  api^lication, 
strongly  liacked,  was  thrown  out  because  a  pig-sty  had  been  omitted  on 
the  map  filed.  This  application  liefore  Parliament  is  generally  bitterly 
Disposed  by  rival  roads  and  interests,  and  the  fight  becomes  long  and 
expensive,  each  side  employing  prominent  engineers  and  lawyers.  It  is 
said  that  in  a  recent  case  before  Parliament,  a  prominent  American  en- 
gineer received  2  000  guineas  ($>10  500)  for  his  testimony,  which  he  gave 
in  two  and  a  half  hours. 

The  following  table  shows  the  money  that  has  been  expended  in 

i:)romoting  or  opposing  Bills  before  Parliament  for  eleven  years,  from 

1871  to  1882  inclusive: 

Municipal  bodies £1  289  757 

Railway,  Gas  and  "Water  Companies 4  664  874 

Canal  and  Tramway  Companies 416  043 

Harbor  and  Dock  Companies 360  574 

Total £6  731  248 

At  35  per  pound  sterling $33  656  240 
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About  is  000  000  anmially,  and  this  in  dull  times,  after  all  the  i^rint-i- 
l^al  improvements  liad  been  completed  or  commenced.  This  amount  is 
admitted  to  have  been  paid;  probably  much  more  was  jjaid  and  charged 
to  other  accounts.  Of  this  amount,  £380  160  Avent  in  "House  fees" 
paid  to  the  House  of  Commons;  say  the  fees  j^aid  to  the  House  of  Lords 
would  be  as  much,  there  still  remains  £6  000  000  admitted  to  have  been 
paid.  This  parliamentary  business  is  very  good  for  the  English  en- 
gineers; probably  many  of  them  make  as  much,  or  more,  engineering  in 
the  Houses  of  Parliament  as  they  do  in  the  field.  As  a  proof  of  the  im- 
jjortance  of  this  parliamentary  engineering  to  the  profession,  nearly  all 
the  prominent  engineers  have  their  offices  in  Westminster,  near  the 
Houses  of  Parliament,  and  not  in  the  city  near  the  money  center  as 
with  us. 

The  right  of  way  is  easily  and  quickly  obtained  after  Parliament 
grants  the  right  to  build  the  road.  In  this  grant  is  inserted  what  is 
called  "  Clauses  Consolidation  Acts."  This  provides  that,  in  case  the 
necessary  land  cannot  be  obtained  on  satisfactory  terms  by  private  pur- 
chase, application  may  be  made  to  certain  judges  or  magistrates  named, 
who  order  the  land  in  dis])ute  to  be  appraised  and  the  amount  of  this 
appraisement  to  be  deposited  in  the  Bank  of  England.  As  soon  as  i>roof 
is  produced  of  this  deposit,  possession  is  given  of  the  land.  The  money 
deposited  is  held,  subject  to  the  final  settlement,  by  the  Courts  or  other- 
wise, of  the  money  to  be  paid  for  the  land. 

England  offers  no  very  serious  engineering  difficulties  against  rail- 
road construction.  But  few  lines  attain  the  elevation  of  900  feet  above 
the  sea;  they  have  no  high  backbone  divides  to  be  crossed  as  we  have. 
Probably  the  whole  of  England  will  compare  in  this  respect  with  the 
United  States,  after  excluding  the  strictly  Prairie  States.  In  round 
numbers,  half  of  our  railroads  are  constructed  in  a  country  oflfering  no 
greater  advantage  than  the  United  Kingdom  for  cheap  construction. 

English  railroad  men — it  may  be  said  foreigners  generally — have  a 
very  erroneous  idea  about  the  physical  geography  of  the  United  States. 
Nearly  all  believe  that  the  American  roads  are  biiilt  at  a  comjiaratively 
small  cost,  because  the  whole  country  is  a  level  prairie,  with  nothing 
to  do  but  to  lay  the  ties  and  rails  on  the  jjrairie  sod.  An  old  officer  in 
the  railroad  department  of  the  English  Board  of  Trade  was  very  much 
astonished  when  he  was  told  that  all  our  American  roads  are  not  built 
on  the  level  prairie. 
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Cost  of  Land  and  Right  of  Way. 
Tliis  is  a  large  item  in  tlie  cost  of  most  English  railroads.  It  is  im- 
possible to  say  how  much,  as  no  reliable  data  could  be  obtained.  Some 
say  it  will  average  twenty  thousand  dollars  ])er  mile;  this  is  undoubt- 
edly too  high.  Cases  have  been  mentioned  where  the  price  paid  has 
been  so  large,  that  in  our  plain  American  language  it  Avould  be  called 
blackmail,  but  in  the  more  ]3olite  English  it  is  called  land  damages. 

Construction. 

This  is  geuerallv  much  superior,  stronger,  more  substantial,  and  a 
great  deal  more  costly  on  the  English  roads  than  on  ours.  This  differ- 
ence is  much  greater  on  new  roads.  Our  system  of  rushing  the  road 
through,  and  completing  it  afterwards  at  leisirre  times,  is  not  i^racticed 
there.  The  Board  of  Trade  im})artially  obliges  every  road,  large  or 
small,  to  be  made  at  first  u])  to  its  standard  of  i^erfection;  consequently 
all  English  roads  are  well  made  at  first,  and  kept  up — all  are  first- 
class  ;  if  one  falls  below  the  standard,  it  is  closed.  This  would  be 
rather  hard  on  some  of  our  roads. 

Wooden  culverts  or  trestle-work  are  unknown  in  England.  Brick 
viaducts  are  generally  used  where  we  would  use  trestle-work,  or  em- 
bankments in  shallow  depressions.  Bridges  are  almost  always  built  of 
brick,  stone  or  iron;  wooden  ones  are  very  rare. 

Platforms  and  stations  are  generally  built  of  masonry;  some  few  are 
built  of  wood. 

Embankments  in  England  are  generally  made  flatter,  or  with  more 
slope  than  ours.  Cuts  are  generally  allowed  to  take  their  natural  slope, 
though  much  more  attention  is  i^aid  in  England  to  foot  and  side  drains 
than  with  us. 

The  ballast  in  England  is  generally  sandy  gravel ;  there  is  no  such 
road-bed  as  that  on  the  Pennsylvania  or  Reading  Railroad.  The  ties  are 
sawn,  generally  over  10  inches  wide,  6  inches  thick  and  9  feet  long,  and 
placed  about  34  inches  from  center  to  center;  at  joints  they  are  some- 
what closer. 

The  rails  generally  used  are  the  double-headed  or  reversible  pattern, 
running  up  to  87  pounds  per  yard,  with  52-i)ound  chairs,  on  some  of  the 
railways  running  into  London.  The  rails  are  secured  into  the  chairs 
by  wooden  wedges  or  blocks.  Some  few  flat  or  flanged  bottom,  called 
A  ignolles  or  Colonial  rails,  are  used,  but  they  do  not  seem  to  be  ijojjular. 
Rails  are  generally  30  feet  long,  and  made  of  Bessemer  steel. 
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Tlie  Engiisli  engineer  is  mncli  favored  by  his  mild  winters.  The  frost 
is  not  sufficiently  severe  or  penetrating  to  affect  the  stability  of  his  road- 
bed or  superstructure.  The  snows  are  comparatively  very  light,  and 
Avould  give  no  troiible,  provided  the  railroad  had  the  most  simple 
ploughs  in  use  on  our  Northern  railroads  for  removing  it. 

In  England  there  are  no  street,  and  very  few  ordinary  road-crossings 
on  a  level,  and  these  few  are  always  provided  with  a  gate  and  watch- 
men. The  Board  of  Trade  is  very  stringent  in  this  respect,  and  we 
should  imitate  them  by  passing  a  law  obliging  all  railroads  in  populous 
districts  to  do  the  same. 

The  ties  are  buried  deej:),  apparently  to  make  the  road-bed  as  solid 
as  possible,  and  on  the  end  of  the  ties  the  ballast  is  heaped  up  to  the 
level  of  the  top  of  the  rails.  On  some  roads  the  chairs  are  bolted  to  the 
ties  by  screw-bolts,  with  the  nuts  under  the  tie. 

As  a  sample  of  how  costly  the  English  railroads  are  built,  the  author 
contemplated  building  a  new  station,  and  got  from  the  superintendent 
of  the  railroad  the  cost  of  building  it,  which  was  ^11 000.  There  was  no 
grading  necessary,  all  that  was  required  was  simply  two  platforms  with 
shed  roofs,  connected  by  an  overhead  bridge,  14^  feet  headway,  with 
two  stairways  leading  from  the  i^latforms  to  the  bridge. 

Mr.  Webb,  the  able  Locomotive  Superintendent  of  the  London  and 
North  Western  Railway,  has  recently  introduced  a  steel  sleeper  that  gives 
great  satisfaction  and  promise.  It  is  9  feet  long,  weighing  124  pounds; 
near  each  end  the  sleeper  is  punched  "with  six  holes  for  the  chairs. 
The  chairs,  weighing  14  pounds,  are  rolled  from  the  waste  ends  of  the 
steel  rails,  etc. ,  then  stamped  into  shape  and  holes  punched.  A.  steel  lin- 
ing plate,  i  inch  wide,  is  placed  between  the  chair  and  sleeper.  To  pre- 
vent noise  and  working  loose,  brown  paper,  soaked  in  tar,  is  placed 
between  the  chair  and  plate,  and  plate  and  sleeper;  then  the  whole  is 
riveted  together  with  steel  rivets.  This  makes  a  very  firm  and  solid  road- 
bed, withoiit  any  possibility  of  the  rails  spreading.  The  total  weight  of 
the  sleeper,  chairs  and  plates  complete  is  174  pounds,  and  at  the  present 
price  of  steel  should  not  cost  in  the  United  States  over  1^  cents  per 
IDOund,  or  $2.61  for  each  sleeper.  Mr.  Webb  says  the  total  cost  of  labor 
on  this  sleeper  is  S^d.  =  11  cents.  Total  cost  of  sleeper  at  present  prices 
in  England,  8s.  3d.,  say  S2.00.  The  rails  are  fastened,  or  rather  secured, 
into  the  chairs  by  wooden  wedges,  as  is  usual  on  the  English  roads. 
The  life  of  this  sleeper  is  as  yet  an  unknown  quantity;  rust  is  probably 
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the  only  thing  thatAvill  destroy  it.  If  the  constant  jar  would  not  break 
or  detaeh  the  asphalt  coating  nsed  so  snccessfully  on  water-pipes  in 
C'alifornia;  or  the  coating  of  Dr.  Angns  Smith,  nsed  in  many  jilaces  sat- 
isfactorily on  water-pipes;  provided  either  of  these  coatings  conld  be 
kept  on  intact,  the  life  would  be  very  long  and  there  wonld  be  no  donbt  as 
to  the  economy  of  adopting  it.  The  London  and  North  Western  Eailway 
have  put  down  five  miles  of  these  ties  in  order  to  test  them  thoroughly. 
Some  of  these  have  been  in  rise  for  five  years,  and  as  yet  show  no 
signs  of  weakness  or  decay.  The  coating  still  remains  intact,  not- 
withstanding the  five  years'  service,  Avith  the  freqnent  jar  of  heavy 
passing  trains.  Mr.  Webb  antieij^ates  no  trouble  from  rust.  He  has 
taken  up  water-pipes  in  good  condition  that  have  been  buried  for  sixteen 
years,  which  were  coated,  previously  to  being  buried,  by  the  coating  of 
Dr.  Angus  Smith.  Mr.  Webb's  sleeper  or  tie  will  probably  come  into 
general  use,  as  it  possesses  the  maximum  strength  with  the  minimum 
weight  and  cost. 

LOCOMOTIYES. 

For  fast  iiassenger  trains,  the  engine  generally  has  two  large  drivers 
about  7  feet  8  inches  diameter;  otitside  connected  cylinders,  horizontal; 
with  bogie  truck  in  front,  and  two  trailing  wheels.  For  slower  j)assen- 
ger  and  freight  trains  generally  four  drivers;  inside  cylinders,  outside 
connected;  some  with  bogie  trucks.  Some  freight  engines  have  six 
drivers,  oiitside  connected,  with  inside  inclined  cylinders;  all  weight  of 
engine  on  drivers.  Many  new  engines  are  now  built  with  foiir  driving- 
wheels;  outside  cylinders  and  connections;  cylinders  generally  inclined. 

The  cab  has  finally  been  introduced  upon  most  of  the  English  en- 
gines, though  there  are  still  many  without  it.  But  it  is  not  such  luxurious 
quarters  as  the  American  engine-driver  has;  it  is  simply  a  small  iron 
hood  with  small  and  fixed  glass  bull's-eyes,  or  windoAvs  that  cannot  be 
opened  as  with  us,  consequently  they  are  very  warm,  and  many  of  the 
engine-drivers  object  to  the  cab  for  that  reason.  It  seems  strange  that 
no  one  has  thought  of  our  plan  of  having  the  windows  large  and  on 
hinges,  to  be  opened  or  closed  at  pleasure. 

The  bogie  track  and  outside  connections,  avoiding  the  crank  axle, 
have  had  a  hard  and  severe  fight  for  favor  on  the  English  locomotive, 
but  finally  their  merit  has  been  recognized  and  many  of  the  new  loco- 
motives are  built  on  this  system.  Chairman  Moon,  at  the  half-yearly 
meeting  of  the  London  and  North  Western  Railway  Company.  August, 
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1884,  said:  "  Nothing  lias  pleased  me  more  lately  tlian  to  see  the  old- 
fashioned  crank  axle  done  away  "with.  We  have  had  no  accidents  with 
it,  but  we  are  going  to  have  something  better  than  the  crank  axle." 

It  may  not  be  amiss  to  state  that  on  the  Continent,  engines  with  in- 
side cylinders  and  connections  have  been  almost  entirely  superseded 
by  those  with  outside  cylinders  and  connections. 

Consumption  op  Fuel. 

Many  limited  tests  and  experiments  have  been  reported,  but  all,  in 
my  judgment,  give  much  too  high  eliiciency  for  the  locomotive  as  a 
power  producer,  except  on  a  limited  experimental  scale.  Mr.  William 
Strudley,  M.  Inst.  C.  E.,  Locomotive  Superintendent  of  the  London, 
Brighton  and  South  Coast  Railway,  recently  read  a  paper  before  the 
Institution  of  Civil  Engineers.  He  stated  that,  in  a  locomotive  of  his  de- 
sign, one  pound  of  coal  will  evaporate  12.95  pounds  of  water,  and  will 
convey  one  ton  of  train-load  1^^  miles  at  an  average  speed  of  43.38  miles, 
the  rate  of  consumption  being  2.03  jjounds  of  coal  per  horse-power  per 
hour.  The  French  engineers  have  reported  recently  2.48  to  3.01  pounds 
of  coal  per  horse-power  per  hour.  In  my  judgment  all  these  estimates 
are  entirely  too  favorable;  if  not,  the  locomotive  is  not  as  expensive  a 
fuel-burner  as  is  generally  thought. 

Soft  coal  is  universally  used,  except  on  the  railroads  in  London, 
where  a  semi-anthracite  is  burned.  This  is  used  on  account  of  giving 
oflf  very  little  smoke,  which  would  be  very  objectionable  in  the  city. 

Passenger  Cars. 

The  extreme  width  of  a  passenger  car  that  can  be  run  on  the  aver- 
age four  feet  eight  and  a  half-inch  gauge  English  railroad,  is  8  feet  10 
inches  from  extremity  to  extremity  of  eaves  ;  this  makes  the  cars  too 
narrow  to  adopt  the  American  construction  of  central  aisle  with  double 
seats  on  each  side.  If  it  should  be  desired  to  adopt  this  system  of 
central  aisle,  it  would  be  necessary  to  reduce  the  length  of  the  seats  on 
one  side  from  the  length  for  two  jiersons  to  that  for  one,  as  in  some  of 
our  3-feet  gauge  cars. 

The  Pullman  cars  that  are  run  in  England  have  been  reduced  in 
width  from  10  feet  to  8  feet  10  inches  from  eaves  to  eaves,  and  in  height 
13  inches.  They  are  constructed  on  the  same  plan  as  generally  with 
us,  with  a  central  aisle;  the  seats  are  too  short  to  seat  two  persons 
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t-onit'ortably.  They  resemble  very  elosely  the  Piilhuan  cars  ina(h>  for 
our  3-feet  gauge  railroads. 

For  a  short  tlistauee,  aud  until  the  close  confiueineiit  becomes 
ttnlious,  nothing  can  be  more  comfortable  and  luxurious  than  the  first- 
class  English  cars  in  pleasant  weather.  The  absence  of  all  toilet 
conveniences  is  a  great  inconvenience  on  long  journeys. 

On  most  railroads  in  England  there  is  still  no  way  of  communii-at- 
ing  between  passenger,  conductor  and  engine-driver,  or  from  one  car  to 
another  while  the  train  is  running.  The  London.  Chatham  and  Dover 
road  uses  a  bell-rope  i)assiug  along  the  top  of  the  floor,  and  the  Great 
Eastern  uses  the  bell-rope  passing  along  the  oiitside  of  the  cars  just 
under  the  eaves;  this  can  easily  be  reached  by  ojiening  the  car  window 
and  reaching  up. 

The  English  passenger  car  is  cold  in  cold  Aveather,  and  hot  and 
close  in  warm  weather.  If  one  is  seated  facing  the  engine  he  is  in  a 
gale,  if  seated  on  the  front  seat,  is  in  a  corner  where  no  air  can  reach 
him.  It  does  not  rim  as  smooth  as  the  American;  it  is  more  difficult  to 
read,  and  impossible  to  write  in  them. 

On  the  London  and  North  Western  Railway,  passenger  trains  with  a 
seating  capacity  for  95  first-class,  60  second-class  and  150  third-class — 
total,  305  passengers — and  vans  for  their  baggage,  weigh  151.8  tons,  or 
half  a  ton  for  each  passenger. 

Freight  Cars  and  Train.s. 

The  English  freight  car  is  about  15.5  feet  long,  with  iowr  wheels. 
About  90  per  cent,  of  them  are  open  ears,  with  sides  and  ends  about  3  feet 
high.  About  one-fourth  of  each  side  at  the  middle  of  the  car  is  on  hinges, 
so  as  to  open  and  facilitate  unloading.  About  one-tenth  of  the  cars  are 
(•overed,  corres[)ouding  to  our  box  cars;  these  are  generally  covered 
with  tarpaulins  tied  on;  the  roofs  seem  to  be  used  more  for  safety  or 
protection  against  rol)berv  than  for  i)rotec-ti(ni  against  rain.  The  open 
cars  are  always  covered  by  a  tarpaulin  tied  on,  excejit  when  loaded  with 
coal  or  other  load  that  cannot  be  injured  ])y  the  weather.  These  cars 
are  couj^led  by  heavy  chains,  and  each  ear  has  about  1  foot  of  slack, 
consequently  in  starting  the  load  comes  very  slowly  upon  the  engine. 

Only  about  20  i^er  cent,  of  the  cars  have  brakes,  and  these  are  so 
placed  that  they  cannot  be  manij^ulated  while  the  ti-ain  is  in  motion. 
In  the  rearof  the  train  is  a  caboose  with  a  brake;  this,  Avith  those  on  the 
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engine  and  tender,  is  the  onl}'  braking  force  that  can  be  api^lied  Avhile  the 
train  is  in  motion.  In  long  trains,  or  on  steep  grades,  additional  brake 
vans  are  attached,  which  make,  on  some  roads,  quite  an  imjjortant 
additional  expense  in  the  salary  of  the  brakemen,  and  hauling  up 
grade  the  dead  weight  of  the  brake  vans,  which,  in  order  to  be 
eflfective,  are  made  very  heavy. 

These  trains  run  generally  about  25  miles  an  hour.  The  only  hands 
employed  on  them  are  the  engineer  (called  there  the  driver)  and  fireman 
on  the  engine,  and  the  conductor  in  the  tail  caboose,  with  no  means  of 
communication  with  each  other  except  by  signs— the  iiseful  l)ell-roi>e 
not  being  iised.  One  Avould  think  it  would  be  impossible  to  avoid 
many  serious  accidents  for  the  want  of  this  communication  between 
the  conductor  and  the  engine-driver,  l)nt  they  seem  very  fortunate  in 
avoiding  them.     There  is  not  much  danger  of  a  train  breaking  in  two. 

The  average  English  freight  car,  or,  as  called  in  England,  "goods- 
wagon,"  carries  a  load  of  8  tons,  and  weighs  5  tons,  being  1.6  to  1; 
Avhile  with  the  American  box  freight  car,  carrying  50  000  pounds,  and 
weighing  23  000  pounds,  the  proportion  is  2.13  to  1. 

Without  any  positive  data  before  him,  the  author  would  judge  that 
the  first  cost  for  the  same  amount  of  carrying  tonnage  is  about  the 
same  in  the  two  countries,  but  the  cost  of  maintenance  is  probably  in 
favor  of  the  American  car,  as  for  the  same  carrying  tonnage  there  are 
fewer  pieces  to  be  looked  after  and  ke})t  in  order. 

All  freight  cars  are  made  of  wood.  Self- dumping  or  unloading 
carvS  are  not  in  general  use.  Coal  is  generally  unloaded  l)y  being 
shoveled  into  a  Avheelbarrow  and  wheeled  to  the  pile  ;  in  some  large 
yards  it  is  unloaded  by  shovels,  falling  by  gravity  to  tlie  i)ile;  in 
others,  through  a  trap-door  in  the  bottom  of  the  car. 

The  English  freight  trains  run  at  much  greater  speed  than  those  of 
the  United  States,  probably  about  25  miles  per  hour.  They  do  not  aver- 
age one-half  of  tons  freight  that  the  American  trains  do,  while,  owing 
to  the  superior  construction  of  the  roads,  the  comparatively  straight 
lines  and  easy  grades,  the  average  train  tonnage  should  be  much  larger 
— if  not  double. 

The  railway  companies  complain  that  the  shii^pers  require  prompt 
delivery  of  goods.  This  could  probably  be  done  by  the  proper  develop- 
ment of  the  exjjress  system,  as  practiced  by  the  diflterent  railroads  in 
the  United  States.     This  assures  prompt  delivery  of  fast  freight,  while 
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the  slow  freiglit  comes  at  a  nmeh  slower  and  profitable  rate  of  speed  to 
the  railroad  companies.  By  the  reduction  of  the  speed  of  the  freight 
trains  and  increasing  their  load  on  tlie  railroads  of  the  United  King- 
dom, the  cost  of  transportation  could  i)robal)ly  be  largely  reduced. 

Passenger  Fakes. 

The  Midland  Eailway,  which  penetrates  very  thoroughly  the  Mid- 
land Counties  of  England  and  Southern  Counties  of  Scotland,  several 
yeai's  ago  dispensed  with  the  second-class  carriages,  and  adopted  the 
following  rates : 

First-class,  per  mile  l^l-i  find  5  per  cent.  Government  tax  added  ^ 
3^  cents.     Third-class,  per  mile  Id.  =  2  cents. 

During  the  year  1883  the  returns  of  the  Midland  Eailway  show  that 
94  per  cent,  of  the  total  passenger  traffic  was  third-class,  Avhich  yielded 
90  per  cent,  of  the  gross  i)asseuger  receijits.  Railways  that  have  been 
brought  into  direct  competition  with  it  have  been  obliged  to  adopt  the 
same  rates,  making  their  second-class  fares    about  2|  cents  per  mile. 

Where  there  is  no  conii)etition,  the  folloAving  may  be  considered  the 

average  rates  : 

Average  per  Mile. 

First-class 4|  to  5  cents. 

Second-class 3    to  3^     " 

Third-class 2 

Tlie  Great  Northern  Eailway,  one  of  the  leading  railroads  of  Eng- 
land, has  recently  decided  to  imitate  the  Midland,  and  only  run  first 
and  third-class  carriages  on  some  of  their  lines.  It  is  only  a  matter 
of  time  when  all  other  roads  will  do  the  same. 

It  is  only  a  matter  of  time  when  railways  will  disjaense  with  or 
modify  the  first-class  travel  so  as  to  make  it  pay;  it  is  safe  \o  say  that 
no  road  in  England  now  makes  any  money  from  its  first-class  travel. 
As  long  as  they  continue  to  sell  first-class  tickets,  they  must  provide 
first-class  carriages,  as  it  is  impossible  to  say  beforehand  what  the 
transient  travel  will  be ;  the  consequence  is,  nearly  every  train  has  a 
large  excess  of  empty  first-class  carriages,  in  order  to  accommodate  all 
travel  that  may  offer,  as  no  one  holding  a  first-class  ticket  would  con- 
sent to  take  a  seat  in  a  second  or  third-class  carriage.  Moreover,  the 
tirst-class  passengers,  even  if  the  carriage  were  always  filled,  do  not 
pay  the  road  as  well  as  the  second  or  third-class.  A  compartment 
in  a  first-class  carriage   contains   about   48   s([uare   feet,  measured  from 
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the  outside  of  the  car  to  the  center  of  the  dividing  partition,  and  will 
seat  eight  persons.  This  gives  6  square  feet  to  each  person,  which,  at 
the  price  charged  liy  the  Midland  Eailway  per  mile,  makes  6  divided 
by  3^,  say  half  of  1  cent  per  mile  for  each  square  foot  of  the  floor 
of  the  car.  The  second  and  third-class  apartments  contain  40  and  35 
square  feet,  and  will  carry  10  passengers.  Taking  the  average  second 
and  third-class  fares,  this  will  give  about  two-thirds  of  1  cent  per 
mile  for  each  square  foot  of  floor  surface.  The  dead  load  being  about 
in  the  same  proi)ortion  as  the  floor  surface,  it  is  clear  that  the  first-class 
passenger  is  the  most  unproductive;  moreover,  the  first  cost  of  the 
first-class  compartment  and  its  maintenance  is  probably  20  per  cent, 
greater  than  the  second-class  compartment,  and  40  per  cent,  greater 
than  the  third-class. 

All  roads  in  the  United  Kingdom,  excej^t  the  Midland,  virtually  run 
six  classes  of  carriages,  viz. ,  ordinary  and  smoking  first-class,  ordinary 
and  smoking  second-class,  ordinary  and  smoking  third-class.  As  it  is 
impossible  to  fill  all  of  these  imiformly,  there  must  necessai'ily  be 
great  loss  of  room'  and  unnecessary  haulage  of  dead  weight. 

The  railroads  running  into  London  run  what  are  called  workmen's 
trains;  by  these  trains  working  men  or  working  Avomen  can  go  to  and 
from  their  homes  and  work  (say  up  to  15  miles)  for  24  cents  a  week ; 
this  allows  them  to  live  in  the  suburbs  where  it  is  more  healthy  and 
rents  are  cheaper;  weekly  tickets  are  sold  for  the  above  amount,  good 
for  special  designated  trains  in  the  morning  and  evening.  Our  roads 
should  imitate  the  English  roads  in  this  respect. 

Brakes. 

In  passenger  trains  there  is  generally  one  car-  in  every  three  or  four 
that  have  brakes.  The  vacuum  brake,  after  a  long  and  hard  fight,  has 
gained  [the  victory,  and  is  coming  into  general  use  on  passenger  cars. 
On  very  steep  grades,  when  the  brakes  on  the  engine  and  the  few  brake 
oars  would  not  be  sufficient  to  hold  the  train  in  case  of  accident  to  the 
air  brake,  platform  cars  heavily  loaded  with  cast-iron,  with  poAverful 
brakes,  are  attached  to  each  train  going  up  or  down,  in  order  to  hold 
the  train  in  case  of  accident  to  the  vacuum  brakes;  an  expensive  in- 
heritance from  the  narrow  stage-coach  model,  which  could  be  avoided 
if  the  brakemen  could  go  through  a  central  aisle  from  car  to  car,  and 
ajiply  the  brakes  on  each  car  as  with  us. 
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Tlie  freight  trains  liave  no  brakes  that  can  be  nsed  -while  the  train  is 
in  motion,  except  those  on  the  engine  and  caboose. 

Our  system  of  brakes  conld  not  be  ajjplied  to  freight  trains  there,  as, 
owing  to  the  hnvness  of  the  tunnels  and  bridges — another  expensive 
inheritance  from  the  old  stage-coach  model — brakemen  could  not  walk 
over  and  along  the  top  of  the  cars,  and  applv  the  brakes  as  Avith  us. 
The  only  brake  that  could  be  adopted  with  safety  would  be  one  that 
could  be  Avorked  from  the  engine  or  caboose,  or  buffer  or  compression 
brakes. 

Block   System. 

It  is  astonishing  to  see  the  blind  faith  the  English  engine-driver 
places  in  his  block  signals.  In  dense  fogs,  Avhere  he  cannot  see  one 
lumdred  feet  ahead,  or  dark  nights,  when  his  vision  is  also  very  limited, 
for  his  head  light  is  only  an  ordinary  lantern,  useless  for  illuminating- 
the  track  and  only  used  as  a  signal,  the  same  as  the  tail  light,  or 
frequently  where  he  has  both  the  dark  night  and  dense  fog  to  run 
through,  yet  he  runs  at  full  s^jeed  and  generally  on  schedule  time,  feel- 
ing siire  that  he  is  perfectly  safe  because  his  block  signals  have  told 
him  so,  and  they  cannot  make  a  mistake  or  lie. 

The  underground  railroad  in  London  and  the  London  suburban  rail- 
roads afford  a  tine  ilhistration  of  this  system.  Notwithstanding  the 
Ijroverbial  London  fogs,  these  roads  run  their  trains,  probably  several 
thousand  daily,  upon  schedule  time,  and  Avitli  a  headway  varying  from 
three  to  three  and  a  half  minutes.  And  this  is  done  without  accident 
or  delay. 

If  it  had  been  in  use,  the  accident  two  or  three  years  ago  in  the  Har- 
lem Tunnel  and  also  that  at  Spuyten  Duy vil,  in  which  Senator  Wagner 
and  others  Avere  killed,  could  not  haA-e  occurred. 

The  English  GoA'ernment,  through  the  Board  of  Trade,  obliges  all 
English  railroads  to  adopt  the  block  system,  and  run  their  trains  by  it, 
and  we  should  follow  their  exam2:)le.  The  officers  of  a  railroad  should 
be  tried  and  convicted  of  jiremeditated  murder  in  all  cases  of  fatal  ac- 
cidents on  their  road  that  could  have  been  avoided  by  the  l)lock  sys- 
tem. It  is  no  excuse  for  them  to  say  it  does  not  answer,  for  it  does 
ansAver  perfectly  in  England  and  other  European  countries;  the  officers 
controlling  the  roads  ought  to  be  made  to  feel  that  it  is  cheaper  and 
safer  to  properly  ecpiip  the  road  by  using  the  block  system,  than  to  kill 
or  maim  passengers  by  not  doing  so. 
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Speed. 

English  freight  trains  run  much  faster  than  ours;  prol)alil_v  aver- 
aging twentv-five  miles  an  hour. 

The  passenger  trains  are  generaHv  faster,  especially  for  short  runs; 
l)ut,  owing  to  the  small  size  of  the  island,  there  are  no  such  trains  fvs 
the  New  York  and  Chicago  or  the  New  York  and  8t.  Louis  Ex2u-ess. 

Table  No.  1  gives  the  fastest  trains  on  the  princiiial  roads  of  each 
<;ountry. 

Baggage  Checks. 

These  are  still  unknown  in  England.  Some  of  the  large  railroads 
will  receive  baggage  and  deliver  it  at  a  given  destination  for  a  charge 
of  sixpence  for  each  package,  provided  the  places  at  which  it  is  received 
and  delivered  are  both  on  their  line,  and  are  large  places,  such  as  Lon- 
don, Liver2)ool,  Manchester,  etc.  There  is  nothing  like  our  through 
check  system  over  many  distinct  lines.  This  would  be  a  very  great 
convenience  to  those  who  have  to  travel  in  England,  as  the  care  of  the 
baggage  requires  constant  attention  to  see  that  some  one  else  does  not 
take  it.  It  is  placed  in  the  baggage  car  without  any  distinctive  mark 
of  ownership,  and  subject  to  the  call  of  the  first  claimant.  Yet  one 
seldom  hears  of  its  loss.  This  sj^eaks  well  for  the  honesty  of  the  En- 
glish peoijle. 

The  railroad  managers  and  superintendents  seem  averse  to  making 
any  change,  even  if  it  woiild  promote  the  comfort  of  the  traveler,  and 
thereby  induce  increased  travel.  Some  oppose  the  introduction  of 
the  check  system  for  fear  tliat  the  road  would  lose  by  being  held  re- 
sponsible for  lost  baggage.  In  vain  the  author  quoted  to  them  the  ex- 
l)erience  of  the  Pennsylvania  Railroad,  which  handled  in  1883  the  bag- 
gage of  over  23  000  000  passengers,  amounting  to  nearly  2  000  000 
pieces,  and  only  had  to  jiay  in  the  whole  year  for  lost  and  damaged 
baggage  81  262.03. 

The  English  railroads  could  save  a  large  expense  by  adopting  the 
American  baggage  check  system,  as  it  would  enable  them  to  dispense 
with  a  lai'ge  force  of  porters  now  employed  in  loading  and  unloading 
the  baggage  of  passengers.  Eighty  per  cent,  of  this  labor  would  be  done 
by  the  baggage  express  or  transfer  companies  free  of  charge  to  the 
railroads. 
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16  DORSEY    ON    ENGLISH    AND    AMERICAN    RAILROADS. 

COMFOKT   IN    TkAVELING. 

In  the  opinion  of  the  Avriter  this  is  not  so  great  in  Enghmd  as  with 
lis.  In  adtlition  to  the  tronhle  with  the  baggage,  there  is  the  discom- 
fort of  riding  in  winter  in  a  cokl  car,  ol)liging  one  to  wrap  up  even  for 
a  short  journey  as  if  he  was  going  to  the  Arctic  Regions.  No  attempt 
at  warming  has  been  made,  except  by  hot-water  pans  to  the  feet.  An- 
other serious  inconvenience  is  the  difficulty  of  getting  information 
while  en  route,  owing  to  the  want  of  communication  between  the  dif- 
ferent compartments.  It  is  impossible  to  ask  questions  of  the  train 
hands  whilst  in  motion,  and  during  the  few  limited  stops  at  stations 
the  employees  are  busy  with  their  duties  and  endeavoring  to  answer 
the  questions  of  many  others  in  similar  want  of  information.  The 
writer  once  traveled  from  London  to  Gloucester,  114  miles,  without 
being  able  to  find  out  the  destination  of  the  car  he  was  in. 

Unless  one  is  bound  for  a  terminal  station,  he  is  obliged  to  be  con- 
stantly on  the  alert,  or  he  is  apt  to  be  carried  beyond  his  destination. 
The  train  hands  generally  call  out  the  names  of  the  stations,  but  in  so 
disguised  and  mispronounced  a  manner  that  they  are  unrecognizable. 
At  stations  there  is  often  no  one  previous  to  the  arrival  of  the  train 
except  the  gatekeeper,  who  is  generally  a  long  distance  off,  up  or  down 
a  flight  of  stairs,  that  can  give  any  information  about  the  trains. 

The  Board  of  Trade  requires  that  a  sign,  with  the  name,  must  l:)e 
placed  at  each  station;  l)ut  as  station  advertising  is  carried  to  a  great 
extent  throughout  England,  it  is  very  difficiilt  to  recognise  the  station 
sign  from  the  hundreds  of  advertisements,  equally  conspicuous,  of 
''Pears'  Soap,"  "Lome  Whiskey,"  "Coleman's  Mustard,"  etc.,  sur- 
rounding the  name  of  the  station. 

Ton  and  Passenger  Mileage. 

No  return  of  these  all-important  items  for  comparison  is  made  in  Eng- 
land. The  author,  after  careful  inquiry  and  investigation,  decided  that 
the  average  freight  charge  on  all  freight  moved  in  the  United  Kingdom 
was  about  Ij  pence,  or  2.5  cents  per  mile  per  ton;  but,  in  order  to  be 
conservative,  he  has  taken  the  average  charge  at  1  penny,  or  2  cents  per 
ton  per  mile. 

In  order  to  get  the  ton  mileage,  the  receipts  from  freight,  as  reported 
by  the  companies,  in  pounds  sterling  has  been  multiplied  by  240. 

The  author  thinks,  as  do  most  of  the  persons  with  whom  he  has  con- 
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suited,  that  the  average  freight  charge  of  $0.02  or  1  penny  per  mile  per 
ton  is  too  low  by  at  least  one-fourth;  $0,025  or  li  pence  would  be  nearer 
the  correct  amount.  This  more  than  makes  up  the  difference  between 
the  English  ton  of  2  240  pounds  and  the  American  ton  of  2  000  pounds. 
The  English  tonnage  returns  are  all  given  in  tons  of  2  240  pounds,  while 
the  American  returns  are  all  in  tons  of  2  000  pounds. 

Mr.  J.  S.  Jeans,  the  able  Secretary  of  the  Iron  and  Steel  Institute  of 
England,  who  is  very  justly  regarded  as  one  of  the  most  able  statis- 
ticians of  Great  Britain,  estimates  that  the  average  freight  charge  per 
mile  on  minerals  is  $0 .  015  or  .  75  pence  per  ton  per  mile.  This  would 
make  the  preceding  average  charge  on  all  classes  of  freight  of  $0 .  02  or 
1  penny  per  mile  much  too  small. 

The  passenger  mileage  has  been  obtained  by  dividing  the  reported 
total  receipts  from  ordinary  passengers  by  the  total  number  transported. 
This  gives  the  average  amount  received  from  each  passenger.  Divide 
this  by  $0.0233*,  gives  the  average  mileage  traveled  by  each  passen- 
ger. Multiplying  this  by  the  number  transported,  gives  the  total  mile- 
age of  ordinary  passengers.  In  order  to  save  labor  and  time,  many  of 
the  following-  calculations  for  passenger  mileage  were  made  by  mvilti- 
plying  the  total  reported  receipts  in  pounds  sterling  from  ordinary 
passengers  by  206,  the  estimated  average  number  of  miles  that  can  be 
traveled  for  each  pound  paid. 

The  mileage  of  the  holders  of  season  tickets  has  been  ascertained  by 
comparing  the  schedule  lists  of  prices  for  season  tickets  as  issued  by  the 
diflferent  railroads  leading  into  London,  Avith  the  distances;  the  average 
price  is  found  to  be  about  $0,009  or  .45  pence  per  mile — say,  $0,008  or 
.4  pence.  This  makes  600  miles  as  the  average  mileage  traveled  for 
each  pound  sterling  reported  as  received  from  the  sale  of  season  tickets. 
Multiplying  this  reported  amount  by  600,  gives  the  total  mileage  traveled 
by  the  holders  of  season  tickets.  Adding  this  to  the  total  mileage  of 
the  ordinary  passengers,  gives  the  total  mileage  of  all  passengers. 

It  is  very  unfortunate  for  comparison  that  the  English  railroads  do 
not  report  the  passenger  or  ton  mileage.  The  preceding  figures  have 
been  adopted  after  careful  inquiry  and  examination,  and  can  be  consid- 
ered approximatively  reliable  until  changed  by  official  data  from  the 
companies. 

*  One  and  one-sixth  pence  being  the  estimated  charge  per  passenger  per  mile  on  all  the 
English  railroads,  first,  second  and  third-class  included,  exclusive  of  season  tickets. 
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The  passenger  and  ton  mileage  for  the  American  railroads  have  been 
taken  from  the  oflScial  rejoorts  of  the  companies  or  from  the  reports  of 
the  (Railroad  Commissioners  of  the  different  States,  and  are  reliable. 

Accidents. 

TABLE   No.  2. 

Passengers  Killed  and  Injured  from  causes  beyond  their  own  control 
on  all  the  Railroads  of  the  United  Kingdom,  and  those  of  the  States 
of  New  York  and  Massachusetts  in  1884. 


United  Kingdom 

New  York 

Massachusetts 

In  1  000  000  000  passengers 
transported  1  mile 

In  1  OCO  OCO  000  tons  trans- 
ported 1  mile . 


The  average  number  ol 
miles  a  passenger  can 
travel  without  being 
killed 


The  average  number  o) 
miles  a  ijassenger  can 
travel  without  being  in- 
jured  


Total 

Length 

OF  Line 

Operated. 


18  864 
7  298 

2  852 


Total  Mileage. 


Train. 


272  803  220 
85  918  677 
32  304  333 


Passenger. 


6  042  659  990 
1  729  653  620 
1  007  136  376 


(United  Kingdom. 

I  New  York 

(  Massachusetts  . . . 
(United  Kingdom. 

<  N£w  York 

( Massachusetts  ... 


United  Kingdom. 

New  York 

Massachusetts. . . . 


United  Kingdom. 

New  York 

Massachusetts. . . . 


Ton. 


9  040  942  080 
9  322  518  571 

1  229  368  472 


5.15 
5.78 
2.00 
3.44 
1.11 
1.63 


864 
124 
42 


143 
70 
i-i 
96 
14 
34 


Miles. 


194  892  255 
172  965  362 
503  568  188 


6  992  662 
13  940  754 
23  955  630 


This  table  shows  the  comparative  magnitude  of  the  American  rail- 
road system.  One  single  State  has  over  40  per  cent,  of  the  miles  of 
railroad  that  the  United  Kingdom  has,  and  transports  more  freight  and 
nearly  30  per  cent,  of  as  many  passengers. 

The  Board  of  Trade  of  England  publish  annually  very  complete 
returns  of  accidents  on  all  their  railroads.  Unfortunately  there  are 
no  such  returns  available  for  all  the  American  roads. 

The  Railroad  Commissioners  of  Massachusetts  and  New  York  make 
very  complete  returns  for  their  States,  which  can  be  taken  as  a  fair 
sample  of  the  old  and  completed  roads  of  the  United  States.     The  new 
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roads  of  the  West  will  show  a  much  higher  percentage  of  accidents, 
owing  to  being  open  to  traffic  generally  during  constnictiou — and  being 
generally  not  so  well  built. 

Table  No.  2  was  constructed  from  the  preceding  data,  and  the 
reports  of  the  English  Board  of  Trade,  and  of  the  Railroad  Commissioners 
of  New  York  and  Massachusetts. 

Cost  of  Railroads. 

A  casual  observation  shows  that  the  English  railroads  cost  much 
more  than  the  American  in  their  construction.  It  is  evident  that  the  En- 
glish engineer  always  had  in  view  that  there  was  behind  him  jilenty  of 
money,  and  abundance  of  time  to  sjsend  it  in.  Apparently  there  was  no 
necessity  for  studying  an  economical  alignment — heavy  cuts  and  fillings 
or  long  bridges  and  tunnels,  did  not  af)pear  to  frighten  him  at  all;  his 
ideal  line  was  a  straight  line  and  dead  level,  and  he  kept  as  near  this  as 
circumstances  would  permit.  This  exj^ensive  construction,  with  appar- 
ently straight  lines  and  easy  grades,  good  road-bed,  permanent  brick 
buildings,  and  brick,  stone  or  iron  bridges,  shoiild  make  the  annual  ex- 
penses much  lighter  than  on  our  roads,  where  perishable  materials,  for 
economical  reasons,  enter  so  largely  into  our  buildings,  bridges,  etc., 
requiring  frequent  renewals. 

The  question  naturally  arises:  Do  the  w^orking  results  compensate  for 
this  great  additional  cost  of  the  English  over  our  railroads?  In  other 
words,  "  Does  it  pay?"  To  ascertain  this,  we  must  analyze  the  working 
expenses  of  each  system;  this  is  not  an  easy  undertaking,  as  the  pub-, 
lished  rejiorts  of  the  two  countries  do  not  correspond  in  form  or  out- 
line. Unfortunately,  the  returns  of  the  English  railroads  made  to  the 
Board  of  Trade,  and  the  anniial  re^jorts  of  the  different  comjianies,  are 
not  as  thorough  as  one  would  wish  for  comparison.  They  do  not  give  the 
quantity  or  cost  of  coal  consumed,  or  separate  the  cost  of  freight  or 
passenger  traffic,  or  give  the  total  or  average  ton  and  passenger  mileage. 

In  order  that  you  may  investigate  for  yourselves,  the  i^roblem  whether 
it  pays  or  not  to  sjjend  so  much  money  in  constructing  railroads,  the 
Tables  from  No.  3  to  No.  17  have  been  made,  showing  the  operating 
expenses  of  all  the  railroads  in  the  aggregate,  and  also  of  a  few  of  the 
principal  roads  of  each  country.  The  principal,  if  not  the  only,  ad- 
vantage of  expensive  over  cheap  construction,  is  to  reduce  the  operating 
expenses;    to   ascertain   to   what   extent    this   has  been   done,    in   the 
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following  accounts  of  the  operating  expenses  all  items  of  expense  that 
are  in  any  way  affected  by  good  or  bad  construction,  have  been  added 
together,  and  the  jiercentage  calculated  to  the  whole  ojjerating  expenses. 
This  percentage  will  naturally  be  larger  in  cheaply  constructed  roads  with 
shari>  curves  and  steep  grades,  and  built  with  perishable  materials, 
than  in  the  exjjensively  built  roads  in  which  money  has  been  freely 
spent  to  reduce  curves  and  grades,  and  in  the  use  of  more  diirable 
materials. 

Mr.  Jeans,  the  able  statistician  of  England,  makes  this  percentage 
59.66  for  all  the  American  railroads.  This  has  been  taken  by  the  author 
as  the  average  standard  of  all  the  railroads  in  the  United  States;  to  this 
standard  the  English  roads  have  been  compared.  The  percentage  of 
the  individual  American  roads  has  been  worked  out  from  data  con- 
tained in  their  annual  rei)orts,  or  from  the  reports  of  the  Railroad  Com- 
missioners of  the  different  States. 

TABLE  No.  3. 
Comi)arative  Proportion  of  Different  Items  of  Operating  Expenses,  that 
are  or  are  not  Affected  by  Good  or  Bad  Construction,  on  the  Aggre- 
gate Railroads  of  the  United  Kingdom  and  United  States   for  the 
year  1880. 


1880. 


Maintenance  of  Way 

Locomotive  Charges.... , 

Repairs  of  Carriages 

Traffic  Charges 

Rates  and  Taxes  

Govermaent  Duty 

Compensation — Passengers 

Do.  Goods 

Legal  and  Parliamentary  Expenses. 
Miscellaneous  Expenses 


United  Kingdom. 


Expenses       Expenses 

that  are     [that  are  not 

Affected    by  Affected  by 

good  or  bad, Good  or  Bad 

Construe-       Ccnstruc- 

tion.  lion. 


$17.70 

24.40 

8.40 


Totals. 


$50.50 


$30.00 

5.00 

2.40 

.70 

.60 

.90 

9.90 


United   States. 


Expenses 
that  are 
Affected  by 
Good  or  Bad 
Construc- 
tion. 


$25.31 

24.96 

9.39 


$49.50 


$59.66 


Expenses 
that  are  not 
Affected   by 
Good  or  Bad 

Construc- 
tion. 


$25.31 

4.77 

.39 

.59 

.70 

8.58 

$40.34 


This,  and  the  two  following  tables,  have  been  taken  from  a  report 
recently  made  by  Mr.  J.  S.  Jeans,  Secretary  of  the  Iron  and  Steel  Insti- 
tute of  Great  Britain.  Mr.  Jeans  is  justly  regarded  as  very  good  au- 
thority, and  one  of  the  most  capable  statisticians  in  this  branch  in 
England. 
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TABLE  No.  4. 

Showing  the  Number  of  Persons  Employed  on  the  Eailroads  of  the  Uni- 
ted Kingdom  and  the  United  States  in  1880. 


1880. 


Engine-drivers  and  Firemen . 

Guards 

Plate-layers    (Track-layers)  .. 
Pointsmen,  etc.  (Switcbmeii). . 

Laborers  

Other  railway  servants 


Totals 

Average  employes  per  1  000  milps  of  goods  and  passenger  trains. 

Average  employes  per  mile  of  line  open 

Average  employes  per  1  OUO  tons  of  traffic 

Average  employes  per  1  000  passengers  carried 

Average  employes  per  £1  000  earned 


United 
Kingdom. 


27  441 
12  064 
26 156) 
7  406[ 
42  212)  I 
120  437 


United 
States. 


235  716 

0.89 
13. 
0.9 
0.38 
2.7 


67  231 
12  419 


216  818 


418  957 

1.08 

4.8 

0.7 

0.65 

0.28 


TABLE  No.  5. 

Showing  the  Rolling  Stock  used  on   Railroads  of   United  Kingdom  and 
United  States  in  1880. 


liOcomotives 

Passenger  Carriages . 

Freight  Cars 

Other  Vehicles 


Totals. 


1880. 


Average  vehicle  per  mile  open 

Average  vehicle  per  1  000  tone  freight  carried. 
Average  vehicle  per  1  OOU  passengers  carried.. 
Average  vehicle  per  $5  000  capital 


United 
Kingdom. 

United 
States. 

14  469 

32  304 

446  333 

12  024 

17  412 

12  330 

375  312 

84  613 

505  130 

2.6 
0.5 
1.3 
1.5 

489  667 

0.24 
0.59 
0.53 
2.3 

In  the  following  Tables  of  the  English  Railroads,  their  percentage  has 
been  subtracted  from  59, 66,  the  average  percentage  of  the  American  roads. 
This  difference  in  the  percentage,  multiplied  into  the  whole  operating 
exjienses,  shows  the  gross  saving  by  being  well  coustrncted.  This  divided 
by  the  number  of  miles  operated,  shows  the  annual  saving  per  mile  by 
the  superior  English  over  the  inferior  American  construction.  This 
amount  capitalized  at  six  per  cent.,  shows  the  amount  that  the  engineer 
would  have  been  justified  in  expending  per  mile  in  construction  over 
the  cost  of  the  inferior  American  system. 


DOESEY   ON   ENGLISH   AN^D    AMERICA^S^    RAILROADS. 


TABLE   No.  6. 
Operating  Expenses  of  all  the  Railroads  of  the  United  Kingdom. 


Year  ending  December  31st,  1883. 

Length  ol  all  Roads  Operated,  18  681  Miles. 

Gauge,  4'  S'j". 

Total  coHt,  $3  777  808  395. 

Average  Cost  per  Mile,  $202  227. 


Expenses  that 

are  affected  by 

Good  or  Bad 

Construction. 


Expenses  that 
are  not  affected 
by  Good  or  Bad 

Construction. 


Maintenance  of  way,  works,  etc 

Locomotive  power,  including  stationary  engines,  etc. 
Kepairs  and  renewals  of  passenger  and  freight  cars. . . . 

Traffic  expenses,  freight  and  passenger 

General  charges 

Rates  and  taxes 

Government  duty 

Compensation  for  personal  injury 

Compensation  for  damage  and  loss  of  goods 

Legal  and  Parliamentary  expenses 

Steamboat  and  harbor  expenses 

Sundries 


$33  718  990 
46  506  .S35 
16  476  835 


$56  061  995 

8  118  705 

9  304  246 
3  696  280 
1  235  160 

989  705 

1  865  925 
8  624  780 

2  269  410 


Totals  ($186  868  365). 


$96  702  160 


$90  166  205 


Percentage 

Percentage,  average  of  all  American  railroads  in  1880. . . . 

Percentage  in  favor  of  all  the  railroads  of  the   United 

Kingdom 


51.8 
59.7 


7.9 


Total  saved  by  all  the  railroads  of  the  United  Kingdom,  $186  868  365  x  .079  =    $14  762  BOO 

Average  saving  per  mile,  $14  762  600  ->  18  681  = 790 

Annual  cost  of  $790  capitalized  at  6  par  cent  = 13  167 

TABLE  No.  7. 
Operating  Expenses  of  the  Great  Eastern  Eailway  of  England. 


Year  ending  December  Slst,  1883. 
Length  of  Line  Operated,  1  049  Miles. 
Gauge,  4'  8i". 


Maintenance  of  way 

Locomotive  power  (including  stationary  engines)... 
Repairs  and  renewals  of  passenger  aod  freight  cars. 

Traffic  expenses — freight  and  passenger 

General  charges 

Rates  and  taxes 

Government  duty 

Compensation  for  personal  injury 

Compensation  for  damage  and  loss  of  goods 

Legal  and  Parliamentary  expenses 

Sundries 


Totals  (*$9  074  400). 


Percentage , 

Percentage,  average  of  all  American  railroads. 
Percentage  in  favor  of  Great  Eastern  Railway 


Expenses  that  are 
affected  by  Good 
or     Bad    Con- 
struction. 


$1  481  740 

2  575  085 
764  335 


$4  821  160 


53.0 

59.7 

6.7 


Expenses  that 
are  not  affected 
by  Good  or  Bad 

Construction. 


$2  953  350 

387  070 

439  975 

256  010 

84  795 

55  210 

7t;020 

810 


$4  253  240* 


47.0 
40.3 


Total  saved  by  Great  Eastern  Railway  on  operating  1  049  miles  of  railroad 

$9  074  400  X  .067= $607  985 

Average  saving  per  mile,  $607  985  -f-  1  049  = 080 

Annual  cost  of  $580  capitalized  at  6  per  cent.  = 9  660 

*  The  cost  of  operating  the  steamboats,  etc.  ($899  430),  has  been  deducted  as  not  properly 
belonging  to  the  railroad  service. 
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TABLE  No.  8. 
Operating  Expenses  of  the  Great  Northern  Railway  of  England. 


Tear  ending  December  Slat,  1883. 
Length  of  Line  Operated,  768  Miles. 
Gauge,  i'  SI". 


Maintenance  of  way,  works,  etc 

Locomotive  power  (including  stationary  engines)... 
Repairs  and  renewals  of  passenger  and  freight  cars 

Traffic  expenses — Freight  and  passenger 

General  charges 

Rates  and  taxes 

Government  duty 

Compensation  for  personal  injury 

Compensation  for  damage  and  loss  of  goods 

Leual  and  Parliamentary  expenses 

Steamboat,  canal  and  harbor  expenses 

Sundries 


Totals  ($10  017  040). 


Percentage 

Percentage,  average  of  all  American  railroacls.. 
Percentage  in  favor  of  Great  Northern  Railway. 


Expenses  that  are 
affected  by  Good 
or    Bad    Con- 
struction. 


$1  616  115 

2  637  645 

842  130 


Expenses  that  are 

not  affected  by 

Good  or  Bad 

Construction. 


$3  326  745 

493  245 

533  745 

168  530 

149  290 

70  320 

58  765 

58  900 

91  610 


$5  095  890 


50.7 

59.7 

9.0 


$4  951  150 


49.3 
40.3 


Total  saved  bv   Great   Northern    Railway  on    operating    768    miles  of  road 

$10O4704OX  .09  = $904  234 

.\verage  saving  per  mile,  $904  234  —  768  =:     1  177 

Annual  cost  of  $1  177  capitalized  at  6  per  cent.  = 19  617 

TABLE  No.    9. 
Operating  Expenses  of  the  Midland  Railway  of  England. 


Tear  ending  December  31st,  1883. 
Length  ot  i,ine  Operated,  1  793  Miles. 
Gauge,  4'  8',". 


Maintenance  of  way,  works,  etc 

Locomotive  power  (including  stationary  engines).  .. 
Repairs  and  renewals  of  passenger  and  freight  cars. 

Traffic  expenses — Freight  and  passenger 

General  charges 

Rates  and  taxes 

Government  duty 

Compeusation  for  personal  injury,  etc 

Compensation  for  damage  and  loss  of  goods 

Legal  and  Parliamentary  expenses 

Sundries 

Steamboat  and  harbor  expenses 


Expenses  that  are 
affected  by  Good 
or  Bad  Construc- 
tion. 


$3  276  645 
5  342  330 
2  069  555 


Expenses  that  are 
not  affected  by 
Good  or  Bad  Con- 
struction. 


Totals  ($19  413  385). 


$10  688  530 


Percentage 

Percentage,  average  of  all  American  roads. 
Percentage  in  favor  of  Midland  Railway... 


55.1 

59.7 

4.6 


1413  915 

713  350 

957  475 

264  810 

27  530 

■115  485 

87  205 

135  495 

9  590 


$8  724  855 


44.9 

40.3 


ToUl  saved  by  Midland  R  lil  way  on  operating  1  793  miles,  $19  413  385  X  .046  = $893  016 

Average  savins  per  mile,  $893  016-^l  793  = 647 

.^nnnal  cost  of  $647  capitalized  at  6  per  cent  = 10  777 
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TABLE  No.   10. 
Operating  expenses  of    the  London   and   North  Western   Railway  of 

England. 


Year  euding  December  3l8t,  1883. 
Length  of  ijiue  Operated,  1  793  Miles. 
Gauge,  4'  sy. 


Maintenance  of  way,  works,  etc 

Locomotive  power  (including  stationary  engines).  .. 
Repairs  and  renewals  of  passenger  and  freight  cars. 

Traffic  expenses — Freight  and  passenger 

General  charges 

Kates  and  taxes 

Government  duty 

Compensation  for  personal  injury,  etc 

Compensation  for  damage  and  loss  of  goods 

Legal  and  Parliamentary  expenses 

Sundries 


Totals  (*$2615G425). 


Percentage 

Percentage,  average  of  all  American  railroads  in 
1880 

Percentage  in  favor  of  Loudon  and  North  Western 
Railway 


Expenses  that  are  Expenses  that  are 
affected  by  Good!  not  affected  by 
or  Bad  Construe-  Good  or  Bad  Con- 
tion.  struction. 


$i  7.51  885 
6  148  560 
1  670  015 


$12  570  460 


48.0 
59.7 
11.7 


$9  787  585 
1  236  520 
1  178  800 
629  040 
149  665 
191  140 
275  4H5 
137  730 


*$13  585  965 


Total  saved  by  Loudon  and  North  Western  Railway  on  operating  1  793  miles  of  rail- 
way, $26  904  423  X  .117  =  $3  147  821 

Average  saving  per  mile,  $3  147  821  ^  1  793  = 1  756 

Annual  cost  of  $1  756  capitalized  at  6  per  cent.=: 29  267 

TABLE  No.  11. 
Oi^erating  Expenses  of  the  Great  Western  Railway  of  England. 


Year  ending  December  31st,  1883. 
Length  of  Line  Operated,  2  268  Miles. 
Gauge,  7'  and  4'  8^". 


Maintenance  of  way,  works,  etc 

Locomotive  power,  including  stationary  engines. ... 
•Repairs  and  renewals  of  isassenger  and  freight  cars. 

Traffic  expenses — Freight  and  passenger 

General  charges 

Rates  aud  taxes 

Government  duty 

Compensation  for  personal  injury 

Compensation  for  damage  and  loss  of  goods 

Legal  aud  Parliamentary  expenses  

Sundries 


Expen.scs  that  are 
affected  by  Good 
I    or     Bad      Con- 
i     struction. 


|4  497  670 
4  822  400 
1  533  820 


Totals  (t  $18  978  720). 


Percentage  

Percentage,  average  of  all  American  roads 

Percentage  in  favor  of  Great  Western  Railway. 


$10  853  890 


57.2 
59.7 
2.5 


Expenses  that  are 
not  affected  by 
Good  or  Bad 
Construction. 


$5  361  685 
763  285 
949  255 
599  095 
39  585 
153  680 
258  035 
210 


t$8  124  830 


42.8 
40.3 


Total  saved    by   Great  Western   Railway  on  operating  2  268  miles   of  railroad, 

$18  978  720  X  .025  =. $474  468 

Average  saving  per  mile,  $474  468  -^  2  268  = 209 

Annual  cost  of  $209  capitalized  at6per  cent= 3483 

*The  cost  of  operating  the  steamboats,  etc.  ($748  030),  has  been  deducted,  as  not  properly 
belonging  to  the  cost  of  operating  the  railroad. 

t  The  cost  of  operating  the  steamboats,  etc.,  $942  515,  is  not  included,  as  not  nroperly  be- 
longing to  the  cost  of  operating  the  railroad. 
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TABLE  No.  12. 
Operating  Expenses  of  the  Baltimore  and  Ohio  Railroad. 


Year  ending  September  30th,  1883. 
Length  of  Liae  Operated,  553  Miles. 
Gauge,  i'  SI' '. 


General  expenses 

Losses  by  accidents,  etc 

Repairs  of  railroad 

Repairs  of  water  stations 

Repairs  and  construction  of  depots 

Repairs  of  bridges 

Repairs  of  telegraph  line 

Repairs  of  stationary  machinery 

Watching  cuts 

Watching  tunnels 

Watching  bridges 

Pumping  water 

Repairs  of  locomotives 

Repairs  of  passenger  cars 

Repairs  of  freight  cars 

Cleaning  engines  and  cars 

Contingent  expenses  of  the  machinery  department. 
Fuel 


Expenses  that  are 
affected  by  Good 
or  Bad  Construc- 
tion. 


Preparing  fuel  and  filling  tenders 

Pay  of  tonnage  engineers ...   

Pay  of  tonnage  firemen 

Pay  of  passenger  engineers 

Pay  of  passenger  firemen 

Expenses  of  transportation,  salaries  of  agents,  telegraph 
operators,  clerks,  station  expenses,  etc 


Totals  ($6  14.7  665.80). 


Percentage. 


$56  609.68 

796  575.85 
13  039.13 

186  663.06 
58  574.31 
76  781.20 

118  276.66 


28  217.28 
624  146.36 
299  386.71 
709  028.67 


7  186.12 

319  143.36 

20  096.37 

228  365.55 

105  505.01 

82  812.24 

40  013.25 


$3  770  431.41 


Expenses  that  are 
not  affected  by 
Good  or  Bad 
Construction. 


$200  733.89 


30  546.15 
5  451.67 
18  736.58 


92  415.36 


2  029  350,7 


$2  377  234.39 


38.7 
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TABLE  No.  13. 

OiJerating  Expenses  of  Pennsylvania  Eailroad.     No.  1,  Pennsylvania 

Division. 

Main  Line  and  Brandies — Pittslmrgli  to  Pliiladeljiliia. 


Year  ending  December  31st,  1883. 

Gauge,  i'  9". 

Length  of  Koad  Operated,  1313.5  Miles. 


Conducting  Transportation 

Motive  Power 

Maintenance  of  Cars 

Maintenance  of  Way 

General  Expenses 

Totals $18321413.56 

Percentage 


Expenses  that  are 

affected  by 

Good  or  Bad 

Construction. 


$5  237  379.22 

2  741  772.51 

3  660  491.47 


$11  639  643.20 


63.5 


Expenses  that  are 

not  affected 

by  Good  or  Bad 

Construction. 


$6  681  770.36 


36.5 


Operations. 


Keceipts  from  Freights $24  778  1 90 .  15 

Receipts  from  Passengers 5  989  625.35 

Receipts  from  other  Sources 1  249  997 .  79 

Total  Receipts  from  all  Earnings $32  017  813.29 

Net  Earnings  from  Operating 13  696  399.73 

Total  Mileage  in  this  Division 1  313.. 53 

Percentage  of  Operating  Expenses  to  Earnings 57 . 22 

Tonnage  Moved 21  674  160 

Tonnage  Mileage 2  996  892  567 

Average  Ton  Mileage 138.5 

Average  Earnings  per  Ton  per  Mile $      .00819 

Average  Cost  per  Ton  per  Mile .00477 

Average  Profit  per  Ton  per  Mile .00342 

Total  Passengers  Transported 10  697  474 

Total  Passenger  Mileage 244  710  876 

Average  Passenger  Mileage 22/5  Miles. 

Average  Earnings  from  each  Passenger  per  Mile $     ,02448 

Average  Cost  of  Transporting  each  Passenger  1  Mile .01640 

Average  Profit  per  Passenger  per  Mile .00808 


DORSET   ON   ENGLISH   AND   AMERICAN   RAILROADS. 


TABLE  No.  14. 

Operating  Expenses  of  Pennsylvania  Railroad.     No.  3,  Pliiladelphia  and 
Erie  Railroad  Division. 


Tear  ending  December  31st,  1883. 

Gauge,  i'  9". 

Length  of  Road  Operated,  287.5  Miles. 


Conductiog  Transportation 

Motive  Power 

Maintenance  of  Cars 

Maintenance  of  Way 

Totals ($2  620  823.62) 

Percentage 


Expenses  that  are|Expenses  that  are 
affected  by  not  affected 

Good  or  Bad         by  Good  or  Bad 
Construction.         Construction. 


5762  468.99 
341  361.92 
626  574.62 


$1  730  405.53 


66.0 


$890  418.09 


$890  418.09 


Opebatioxs. 


Receipts  from  Freight $3  352  417 .  79 

Receipts  from  Passengers 607  742.66 

Receipts  from  other  Sources 88  682.71 

Total  Receipts  from  all  Earnings $4  108  843.16 

Net  Earnings  from  Operating 1  488  019.54 

Percentage  Operating  Expenses  to  Earnings 63.8 

Total  Mileage  in  this  Division 287.56 

Tonnage  Moved 5  154  935 

Tonnage  Mileage 520  249  716 

Average  Ton  Mileage 100 . 9 

Average  Earnings  per  Ton  per  Mile $      .00624 

Average  Cost  per  Ton  per  Mile .  00416 

Average  Profit  per  Ton  per  Mile .00218 

Total  Passengers  Transported 1  045  054 

Total  Passenger  Mileage 21  908  174 

Average  Passenger  Mileage 21  Miles. 

Average  Earnings  from  each  Passenger  per  Mile $      .03048 

Average  Cost  of  Transporting  Each  Passenger  1  Mile .02075 

Average  Profit  per  Passenger  per  Mile .00973 
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TABLE  No.  15. 

Operating  Expenses   of   Pennsylvania  Railroad.     No.   2,   New  Jersey 

Division. 


Year  ending  December  31st,  1883. 

Gauge,  4'  9". 

Length  of  Road  Operated,  435  Miles. 


Conducting  Transportation. 

Motive  Power 

Maintenance  of  Cars 

Maintenance  of  Way 

General  Exjienses 

Canal  Expenses 


Expenses  that  are 

afl'ected  by 

Good  or  Bad 

Construction. 


$2  618  034.64 

622  251.12 

1  736  301.22 


Totals— Exclusive  of  Canal  Expenses.  .($10  804  913.26)         $4  976  586.98 
Percentage — Excluding  Canal  Expenses 


46.0 


Expenses  that  are 

not  affected 

by  Good  or  Bad 

Construction. 


$5  433  260.35 


103  491.37 
291  574.56 


$5  828  326.28 


54. 


Operations. 


Receipts  from  Freight 

Receipts  from  Passengers 

Receipts  from  other  Sources. 


$8  269  943.20 
5  542  247.22 
1144  405.23 


Total  Receipts  from  all  Earnings $14  956595.65 


Net  Earnings  from  Operating 

Total  Mileage  in  this  Division 

Percentage  of  Operating  Expenses  to  Earnings 

Tonnage  Moved 

Tonnage  Mileage 

Average  Ton  Mileage 

Average  Earnings  per  Ton  per  Mile 

Average  Cost  per  Ton  per  Mile 

Average  Profit  per  Ton  per  Mile 

Total  Passengers  Transported 

Total  Passenger  Mileage 

Average  Passenger  Mileage 

Average  Earnings  from  each  Passenger  per  Mile 

Average  Cost  of  Transporting  each  Passenger  1  Mile. 
Average  Profit  per  Passenger  per  Mile 


4  151  682.39 

435.07 

72.95 

8  855  567 

542  827  918 

61.3 

$      .01471 

.01167 

.00304 

11  339  330 

238  551  431 

21  Miles. 

$       .02074 

.01571 

.00503 


Few  American  engineers  have  the  opportunity  of  seeing  the  English 
railroad  reports.  Tables  18,  19,  20  and  21  are  exact  reprints  of  all  of 
that  part  of  the  semi-annual  reports  of  the  London  and  North  Western 
Railway  that  relate  to  traffic  for  the  years  1882,  1883  and  1884. 

These  will  also  enable  those  who  are  desirous,  to  make  their  own 
analysis  of  the  data,  as  the  author  has  done. 
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TABLE  No.  17. 

Sho^s-iug  the  Percentage  of  the  Annual  Operating  Expenses  that  is  affected  by  Good  or  Bad  Construction,  of  some  of  the 

Principal  Railroads  of  the  United  Kingdom  and  United  States. 


Kame  of  Railroad. 


All  the  Railroads,  average  of | 

London  and  South  Western 

Great  Eastern ....   

Great  Northern 

Midland 

London  and  North  Western 

Great  Western ■ 

London,  Chatham  and  Dover 

Caledonian 

Korth  British 


Country. 


Miles  of 

Line 
Operated. 


Miles. 


Midland  Great  Western  of. 


Great  Northern  of 

Great  Southern  and  Western  of 

All  the  Railroads,  average  of | 


TTnited 
Kingdom 
England.. 


Scotland 

Ireland  . 
Ireland  . 
Ireland . 


United 
States 


Average 

Cost  as 

shown  by 

the  Books 

Per  Mile. 


Percentage. 


Affected. 


Dollars.     Per  cent 


18  681  1     202  227 

721 
1049 

768 
1381 
1793 
2  268 

160 

897 
1006 


Baltimore  and  Ohio,  "  Main  Stem 
Penn.  Railroad— Penn.  Division. . . 

"  Phil,  and  Erie  "     ... 

"  New  Jersey       "     ... 

"  Av.  of  the  three  above 

Divisions 

Phila.,  Wilminston  and  Baltimore. 

Boston  and  Albany,  1884 

Delaware,  Lackawan'a  and  W  ,  1884 
L.  Shore  and  Michigan  Soth'n, 
N.  Y.  Cen.  and  Hudson  R., 
New  York,  L.  Erie  and  Western, 


425 
503 
478 

110  414 


553 

1313 

288 

435 

2  036 
413 
384 
400 

1339 
993 

1029 


744  970 
220  823 
161  355 

69  250 

70  000 
80  000 

62  176 
110  040 


109  000 
101  840 


51.8 

49.7 
53.0 
50.7 
55.1 
48.0 
57.2 
51.5 
54.5 
56.4 

62.0 
64.0 
60.0 


59.7 


61.3 
63.5 
66.0 
46.0 

58.0 
55.0 
58.0 
50.0 
51.0 
52.0 
50.0 


Not 
Affected. 


Per  cent. 


Average  Charges 
Per  Mile. 


Ton. 


48.2 

50.3 
47.0 
49.3 
44.9 
52.0 
42.8 
48.5 
45.5 
43.6 

38.0 
36.0 
40.0 


40.3 


38.7 
36.5 
34.0 
54.0 

42.0 
45.0 
42.0 
50.0 
49.0 
48.0 
50.0 


Dollars. 


0.02 


Passenger 


Dollars. 


Average 
Saving 
per  Mile 
by  good 
Construc- 
tion over 
average 
American 
Railroads, 


Dollars. 


0.0233 


0.0124 


790 

1142 

580 
1  117 

647 
1  756 

209 
1496 

466 

216 


This 
Annual 
Saving 
capital- 
ized at  Six 
per  cent. 


Dollars. 


13  167 

19  033 

9  660 

19  617 

10  777 

29  267 

3  483 

24  933 

7  766 

3  600 


Remarks. 

This  last  column  shows 
how  much  could  have 
been  spent  advanta- 
geously in  addition  over 
the  average  cost  of 
American  Railroads. 


0.0242 


0.00819 
0.00624 
0.01471 


0.02448 
0.03048 
0.02074 


0.00665 

0.00902 

0.0068 

0.0083 

0.00719 


0.0231 

0.0224 

0.02189 

0.0194 

0.02168 


( 149  miles  double  track. 

1 276      "      single 

(136      "      double 

(367      "      single 

(195      "      double 

\283     •'      single 

f  59 . 7  was  the  average  per- 

I      centage  of  188U,  as  per 

■I     census. 

1  No  reliable  data  for  all 

[     the  roads  later. 


Coal  very  high  on  this  line. 


TABLE  No.    18. 


Exact  copy  of  the  part  of  the  Semi- Annual  Kepovt  of  the  London  and  North  Western  Kailway  relating  to  Traffic  and 

Operating  Expenses  for  the  Six  Months  ending  Jnne  30th,  1883. 


Dk. 


Rkvenue  Account — Half-yeak  ending  June  30th,   1883. 


Ck. 


Abstracts: 

(A)  To  Maintenance  of  Way.Works 

and  Stations 

(B)  To  Locomotive  Power ! 

(C)  To  Carriage    and    Wagon  Re-' 

pairs I 

To  Mileage   of    Carriages  and 
Wagons  of  ottier  Companies. 

(D)  To  Traffic  Expenses 

(E)  To  General  Charges 

To  Law  Charges 

To  Parliamentary  Expenses... 
To  Compensation     for     Acci- 
dents and  Losces: 

Passengers r^  10  03C    4    3 

Goods,  etc 17  260  12    0 


To  Rates  and  Taxes 

To  Government  Duty , 

To  North  Union  Kailway— Pro- 
portion of  .Joint  Expense. . . 

To  Birkenhead  Railway— Pro- 
portion of  Joint  Expense. . . 

To  Shrewsbury  and  Hereford 
Railway— Proportion  of  Joint; 
Expense 

To  Shrewsbury  and  Welling- 
ton Railway— Proportion  ofj 
Joint  Expense 

To  Shrewsbury  and  Welshpool  ■ 
Railway — Prop  rtiou  of  Joint 
Expense 

To  Vale  of  Towy  Railway— Pro- 1 

portion  of  Joint  Expense. . . ! 

(F)   To  Steamboat  Expenses \ 

To  Depreciation  and  Insurance  j 
of  Steamboats 

To  Lancaster  Canal  Expenses. 

To  Huddersfield  Canal  Ex- 
penses  


To  Balance     carried     to    Net 
Revenue  Account 


s.  d 


405  364  14    8 
599  742    2    6 


158  966  12  1 


June  30th, 
1882. 


13  823  2 
952  194  1 
114  212  17 

14  647  7 


12  000  0  0 


27  296  16  3 

106  305  9  4 

64  953  4  10 

0  995  16  2 

18  850  17  5 


1  258  13  1 


1  958  17  8 
34  276  10  9 


10  000  0  0 
2  447  18  3 


2  569  18  4 


403  029 
556  960 

163  981 

12  291 
928  600 
109  460 

15  312 
8  000 


34  087 
104  283 
63  115 

5  132 

18  894 


2  559  771  10  11 

2  437  379  16    4 

£4  997  151     7    3. 


2  251 
36  169 

10  000 

2  530 

3  108 
2  494  629 
2  40S  997 
4  903  626 


By  Traffic,  viz. 
Passengers.  , 


Class. 


First . . . 
Second. 
Third.. 
Season . 


No. 


1  186  134 

1  962  244 

22  347  872 

19  578 


Amount. 


£        8.  d. 

250  482    5  2 

173  908  13  7 

998  781  13  4 

72  703  17  9 


Parcels,  Horses,  Carriages  and  Dogs. 
Mails 


Merchandise £1  966  366 

Less   Expenses    of   Collection  i 
and  Delivery   of   Goods  byS           130  204 
Agents ••  ) 


Live  Stock . 
Minerals . . . 


By  Transfer  Fees. 


By  Rents  of  Land  and  Buildings. 
Less  Repairs  and  Sundries 


1  501  876    .9  10 


259  936  10    6 
75  957    0    0 


1  836  102    0    8 


79  465    8    6 
1  168  120    2    8 


97  112    7    3 
22  142  14     8 


1  837  770    0    4 


3  083  687  11  10 


4  921  457  12     2 


74  969  12    7 


June  30th, 
1882. 


1  791  421 


92  449 
20  675 


71774 


£4  997  151     7    3     4  903  626 
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(A)                        Maintenanok  op  Wat,  Etc. 

30th  June, 
1882. 

Salaries,  Office  Expenees  and  GeDeral  Superiiitend- 
ence £19  841    8    4 

£        B.  d. 

310  259  19     7 

18  559 

Maintenance  and  Renewal  of  Permanent  Way,  viz. : 
Wa^es £138979    0    7 

130  290 

Materials 48  715    7  10 

Engines  Ballasting 9  979    2    0 

55  337 
9  815 

197  673  10    5 
Repairs  of  Approach   Roatla,  Bridges,  Signals,  and 
other  Works     57  515  16     7 

195  442 

57  699 

Repairs  of  Stations  and  Buildings 35  229    4    3 

31991 

303  691 

15  OCO    0    0 

1 5  000 

Repairs— ciarstou  and  Widnes  Docks  and  Holyhead  Harbor 

6  017     3     3            3  953 

2  823  19     7i            2  899 

Sundry  Joint  Lines  and  Stations 

17  138  18     3           12  744 

54  122  14     0           64  742 

Miles  Maintained  ;  Double  or  more 1  310 

Single 374 

£405  364  14     8 

403  029 

(B) 


Locomotive  Power. 


Salaries,  Office  Expenses  and  General  Superintendence 

Running  Expenses  : 

Wages  connected  with   the  Working  of  Locomo- 
tive Engines £227  274     6 

CoalaudCoke 135  437  19 

Water 4  996     3 

Oil,  Tallow  and  other  Stoies 22  679  14 


Repairs  and  Renewals  of  Engines,  Tools,  etc. : 

Wages £89  705    3    8 

Materials 93  487     2    6 


Special  Expenditure 

Stationary  Engines,  Liverpool  Tunnels. 


Cr.,  Mileage  of  Sundry  Trains £12  085    9    4 

/.ew—Cromford  and  High  Peak  Working 3  694  13    7 


£   s.  d. 
19  137  11  0 


JiOth  June, 
1882. 


214  795 

123  419 

4  837 

22  047 


390  388  3  1    305  098 


183  192  6  2 


11  009  18 
4  404  19 


608  132  18  3 


88  311 
77  911 


15  839 
2  225 


£599  742  2  6   556  990 


(C)    Repairs  and  Renewals  of  Carriages  and  Wagons. 

~        £7     8.    d. 
92  263  17  11 
66,702  14    2 

3Uth  June, 
18S2. 

Carriages — Salaries,  Office  Expenses  and  General  Su- 
perintendence      £1  036  18  10 

Wages 37429  11     4 

Materials 53  197     7     9 

1  624 
33  480 
58  819 

Wagons— Salaries,  Office  Expenses  and  General  Su- 
perintendence          £2  382    6     3 

93  923 

2  382 

Wages 17  872     9     1 

Materials 4b  447  18  10 

18  047 
49  629 

70,058 

£158  966  12     1 

163  981 
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Stores. 


Locomotive  Department  Stores 

liOcomotive  Department  Works  in  pi'ogress  and  Sundries 

Carriage  Department  Stores 

Carriage  Department  Sundries  in  process  of  manufacture. 

Wagon  Department  Stores , 

Wagon  Department  Sundries  in  process  of  manufacture. . 

Permanent  Way  Stores , 

Engineering  Stores 

General  Stores 

Steamboat  Stores 

Telegraph  Stores 

Engineering  Stores,  Joint  Lines 

Total 


£         s.  d. 

315  709  13    3 

181  530  15 
51  920  15 
17  676     3 

107  071  11 
14  138     9 

418  727     5 

63  894     6 

27  224     9  11 

9  148  18     1 

14  261     9     5 


1  221  303  18     3 
36  300  14    8 


£1  257  604  12  11 


30th  June, 
1882. 


306  826 
178  069 
54  980 
19  368 
97  212 
10  691 
370  700 
68  761 
29  387 
12  659 
10  793 


1  159  446 
31  595 


(D) 


Tbaffio  Expenses. 


Salaries,  Wages,  etc..   Coaching  and  Police  Depart- 
ments  £224  209    9    6 

Fuel,  Lighting,  Water  and  General  Stores 59  000  13    7 

Clothing 13475     7 

Printing,  Stationery  and  Tickets 15  408    4  10 

Joint  Station  Expenses , 20  646  16  9 

Horses,  Harness,  Parcel  Carts,  Provender,  etc 11  836    9  1 

Salaries,  Wages,  etc..  Merchandise  Department £419  710    8  10 

Fuel,  Lighting,  Water,  Grease  and  General  Stores. . .  28  480    6  5 

Clothing 864    2  6 

Printing,  Stationery,  etc 8  749  17  1 

Horses,  Harness,  Vans,  Provender,  etc 96  802     7  7 

Wagon  Covers,  Bopes.  etc 12  495  14  9 

Joint  Station  Expenses 9  502  18  9 

Agents'  Commission 1  895  10  6 

Hoists,  Hydraulic  Cranes,  etc 29  116  13  4 


344  577    1     5 


30th  June, 
1882. 


215  044 
60  670 
11  848 
16  385 
20  787 
11  389 


336  123 


607  616  19    9 


£952194    1    2 


411  042 

26  017 

666 

9  354 

99  322 

11307 

6  746 

1  990 

26  033 


592  477 


(£) 


General  Charges. 


Direction 

Auditors  and  Public  Accountants 

Salaries  of  Secretary,  General  Manager,  Accountants 

and  Clerks £32  400    8  10 

OfiBce  Expenses  Sundries 7  318    4    0 

Advertising 

Fire  Insurance 

Electric  Telegraph  Expenses 

Railway  Clearing  House  Expenses 

Contribution  to  Supeiannuation  Fund 

Schools 

Traveling  Expenses,  Directors,  Managers,  etc . . 

Provident  and  Insurance  Societies  and  Pension  Fund 

Sundry  Expenses,  not  classed 


£     s.  d. 

4  537  10    0 
900  17    2 


39  718  12  10 

2  039  17     6 

6  905     6     8 

18  457     0     6 

15  289  14  10 

6  294  13  2 
1  162  6  8 
1  688  16  5 
9  252  19     8 

7  965     2     0 


£114  212  17    5 


30th  June, 
1882. 


4  538 
993 


39  301 
1  670 
6  905 
17  256 
14  446 

6  279 
943 

1  869 
8  047 

7  213 


109  460 
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(F) 


Steamboat  Expenses. 


Salaries  of  Commanders,  Wages  of  Crews,  etc.. 

Bepairs,  Ship  Stores,  etc 

Coal  atul  EDHineers' Stores 

Light  and  Harbor  Dues 

General  Cliarges 

Less— Cost  of  Working  Greenore  Service 


£       s.  d. 
19  142     5  11 

6  118  14    1 
10  014  11    5 

7  089    9    6 
1  959    9  10 


30th  June, 
1882. 


£34  276  10    9 


19  310 

6  798 
10  937 

7  176 
2  804 


44  324  10     9  46  025 

10  048    0    0  9  856 


36  169 


Steamboat  Depreciation  and  Insurance  Account. 


To  Balance  31st  Dec.  last 

To  Expended  this  half-year  , 
To  Balance 


£  8.  d. 
1  180  10  lo! 

176  13  7 
8  642  15    7; 

£10  000    0    0 


By    Amount  set  aside  from 
Revenue  this  half-year 


£ 

s. 

d. 

10  000 

0 

0 

10  000 

0 

0 

Mileage  Statement. 


Miles  Au- 
thorized. 

Miles  Con- 
structed. 

Miles  Con- 
structing or 
to  be  Con- 
structed. 

Miles 

Worked  by 

Engines. 

30th  June, 

1882. 

Lines  owned  by  Company 

Lines  partly  owned 

1  546> 

ui 

146^ 

1  505 
73J- 

142| 

41i 
3| 

1  4991 
140| 
2131 

1  490 
140^ 

Lines  Leased  or  Rented 

213J 

Total 

1  7671     1         1  721 
54                     ."54 

461 

1  854 

613 

560J 

1  844i 
569i 

Lines  Worked 

Foreign  Lines  Worked  over 

.... 

Total 

1  821i 

1  775 

46i 

2  476J 

2  465^ 

Statement  of  Train  Mileage. 


Passenger  Trains  

8  969  727 

9  528  331 

18  498  058 

8  598  244 

Goods  and  Mineral  Trains 

9  245  421 

ToUl 

17  843  665 
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(A) 


Maintenance  of  Wat,  Etc. 


Salaries,  Office  Expenses  and  General  Superintend- 
ence  

Maintenance  and  Renewal  of  Permanent  Way,  viz.: 

Wages £138  169  17     2 

Materials 133  968  14    8 

Engines  Ballasting 1177115     1 


Repairs  of  Approach  Roads,  Bridges,  Signals  and 

other  Works 

Repairs  of  Stations  and  Buildings 


£19  668  13    9 


283  910     6  11 


62  614  10    7 
36  167     8  10 


Rebuilding  Stations 

Repairs— Garston  and  Widnes  Docks   and  Holyhead  Harbor. 

Repairs — St.  Helens  and  Coalport  Canals 

Sundry  Joint  Lines  and  Stations 

Signals,  Sidings  and  Sundry  Works 


Miles  Maintained: 

Double  or  more 1  313 

Single 374 


3lBt  Dec, 

1882. 


s.  d. 


402  361     0  1 

20  000    0  0 

7  959  11  9 

3  326     9  1 

14  619     3  2 

72  972  16  2 


£521  239    0    3 


132  483 
135  557 
10  989 


66  057 
41  651 


405  359 


20  00O 

5  36(» 

2  638 

14  668 

70  269 


(B)                                   Locomotive  Power. 

31st  Dec, 
1882. 

£      s. 
18  961  10 

405  738    8 

184  659  14 

15  471  12 
3  653    3 

628  484    8 

10  975    4 

d. 

7 

0 

2 

10 
2 

9 

6 

19  204 

Running  Expenses: 

Wages  connected  with  the  Working  of  Loco- 

£231  897 

141  819 

4  728 

27  292 

17 

12 

2 

15 

7 
7 
8 
2 

222  446 

129  778 

Water  

4  563 

Oil,  Tallow  and  other  Stores 

22  725 

Repairs  and  Renewals  of  Engines,  Tools,  etc.  : 
Wages 

£90  774 
93  885 

9 
4 

6 

8 

379  512 

94  064 
84  624 

178  688 

27  022 

2  167 

£14  288 
3  313 

6  10 
2     4 

Cr.   Mileage  of  Sundry  Trains 

606  593 

Less— Cromtord  and  High  Peak  Working 

11  631 

£617  509    4 

3 

594  962 

(C)        Repairs  and  Renewals  of  Carriages  and  Wagons. 

SlBt  Dec, 

1882. 

Carriages— Salaries,    Office   Expenses   and   General 

Superintendence £1675    110 

Wages 34  121     6    5 

Materials 62  566  19    3 

£        s.   d. 

1601 
34  680 

60  532 

Wagons— Salaries,    Office    Expenses    and     General 

Superintendence £2  328    6  10 

Wages 18  518  14  10 

98  363     7    6 
72  989  11  10 

96  813 

2  328 
20  486 
50  894 

Materials 52  142  10    2 

73  708 

£171  352  19    4 

170  521 

TABLE    No.    19. 


Exact  copy  of  the  part  of  tlie  Semi- Annual  Report  of  the  London  and  North  Western  Railway   relating  to  Traffic  and 
Operating  Expenses  for  the  six  months  ending  December  31st,    1883. 


Dk. 


Revenue  Account — Half-year  ending  December  31st,  1883. 


Cr. 


Way, 


Abstracts : 

(A)  To     Maintenance      of 

Works  and  Stations. . 

(B)  To  Locomotive  Power 

(Cj  To  Carriage    and   Wagon   Re- 
pairs  

To  Mileage  of  Carriages  and 
Wagons  of  other  Compa- 
nies  

(D)  To  Traffic  Expenses 

(E)  To  f4eneral  Charges 

To  La w  Charges 

To  Varliamenlarj'  Expenses. . . 
To    Comiiensation     lor    Acci- 
dents and  Losses: 

Passengers £19  397     10    0 

Goods,  etc 20  922     17    8 


To  Rates  and  Taxes 

To  Government  Duly 

To  North  Union  Railway — Pro- 
portion of  Joint  Expense. . . 

To  Birkenhead  Railway— Pro- 
portion of  Joint  Expense. . . 

To  Shrewsbury  and  Ilereford 
Railway — P roportion  of 
Joint  Expense 

To  Shrewsbury  and  Welling- 
ton Railway— Proportion  of 
Joint  Expense 

To  Shrewsbury  and  Welshpool 
Railway— P  roportion  of 
Joint  Expense 

To  Vale  of  Towy  Railway- 
Proportion  of  Joint  Expense 
(F)   To  Steamboat  Expenses 

To  Depreciation  and  Insurance 
of  Steamboats 

To  Lancaster  Canal  Expenses. 

To  Huddersfield  Canal  Ex- 
penses  


To  Balance  carried  to  Net  Rev- 
enue Account 


521  239    0    3 
ril7  509    i    3 


171  352  19    i 


11  431  5  3 
9G4  726  9  2 
127  37.i  7  1 

13  49u  4  5 

12  000  0  0 


40  320  7  8 
121  862  5  6 
59  865    0    4 


Dec.   3l8t, 
1882. 


7  738 

1 

3 

18  834 

0 

0 

10  066 

8 

10 

2  553 

8 

0 

1  344  18 

6 

2  103 
37  188 

G 
12 

6 
5 

15  000 
2  267 

0 

7 

0 
11 

3  715 

5 

10 

2  762  582  12 

6 

2  694  070 

7 

11 

518  294 
594  962 


11361 
069  175 
119  203 

12  499 
6  000 


34  225 

108  868 
77  416 

7  035 

16  997 


1864 


2  212 
35  129 


15  000 
2  492 


2  809 


'i  721  341 

2  640  821 


£5  456  653    0    5     5  362  162 


By  Traffic,  viz. 
Passengers. 


Class. 


Amount. 


First 1  246  005 

Second...  I    2  093  609 

Third I  25  335  955 

Season ...  17  260 


£        s.  d 

303  003     2  9 

220  687    9  3 

1  233  774  15  4 

57  969    5  0 


Parcels,  Horses,  Carriages  and  Dogs . 
Mails 


Merchandise £1998  720  14  11 

Less  Expenses  of  Collection  and 
Delivery  of  Goods  by  Agents  . 


124  962  10     1 


Live  Stock. 
Minerals... 


By  Transfer  Fees. 


Dec.  31st, 
1882. 


s.  d, 


1  815  434  12    4 


292  072  10 
78  540  15  10 


1  873  758    4  10 


122  473  10 
1  189  076  16 


By  Rents  of  Laud  and  Buildings. 
Less  Repairs  and  Sundries 


108  829  19  8 
24  171  13  1 


2  186  047  18  10  2  111  694 


3  185  308  11 


5  371  356  10 


638  3  5 


84  658  6  7 


£5  456  653  0  5 


3  164  674 


5  276  368 


108  013 
22  920 


5  362  162 
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Stores. 


3l8t  Dec, 

1882. 


B. 


Locomotive  Department  Stores 1       322  450  18 


Do.                       Work  in  progress,  and  Sundries. 
Carriage  Department  Stores 

Do.                 Sundries  in  process  of  manufacture. 
Wagon  Department  Stores 

Do  Sundries  in  process  of  manufacture. 

Permnneut  Way  Stores '. 

Eugiueeriut;  Stores 

General  Stnres 

Steamboat  Stores 

Telegrapli  Stores 


Engineering  Stores  Joint  Lines. 
Total 


191  302  9 
54  44S  13 
41  875  18 

112  883  10 
16  143 

441  260  2 
35  5l6 
28  305  14 
10  302  0 
14  978  9 


1  269  477  6 
36  455  15  4 


£1  305  933  2  0 


321  355 

198  768 
56  251 
18  788 
97  500 
14  601 

426  865 

38  544 

24  905 

9  280 

16  086 


1  222  943 
29  171 


1  252  114 


(D) 


TRAFFir  Expenses. 


s.  d. 


Salaries,  Wages,  &c.,  Coacbing  and  Police  Depart- 
ments   £236  307  18     7 

Fuel,  Lighting,  Water  and  General  Stores 57  194  10    2 

Clothius 9915     5     9; 

Priutinj;,  Stationery  and  Tickets 19  597  12     1 

Joint  Station  Expenses 18  987  15 

Horses,  Harness,  Parcel  Carts,  Provender,  &c 10  983  17 


Salaries,  Wages,  &;c..  Merchandise  Department 427  376    0    3 

Fuel,  Lighting,  Water,  Grease  and  General  Stores.  29  630    5  11 

Clothing 712    2    4 

Printiut;,  Stationery,  &c 9  198  15    5 

Horses,  Harness,  Vans,  Provender,  &c 91105     6    7 

Waaon  Covers,  Hopes,  &c 10  487  18    5 

Joint  Station  Expenses 10  988    6  11 

Agents'  Commission 1  890    9    9 

Hoists,  Hydraulic  Cranes,  &c 30  350    3  10 


3.52  986  19    9 


3l8t  Dec. 
1882. 


230  377 
59  032 
8  946 
18  726 
21373 
14  087 


352  541 


611  739    9    5 
£964  726    9    2 


423  866 

27  886- 
841 

88  2 
99  024 
13  425- 
11834 

2  62T 

28  289' 

616  634 


969  175 


(E) 


General  Charges. 


Direction 

Auditors  and  Public  .\ccountants 

Salaries  of  Secretary,  General  Manager,  Accountants 

and  Clerks £32  522  10    2 

Office  Expenses,  Sundries 9  224  17  11 

Advertising 

Fire  Insurance 

Electric  feleyraph  Expenses 

Railway  Clearing  House  Expenses 

Contribution  to  Superannuation  Fund 

Schools 

Traveling  Expenses,  Directors,  Managers,  &c 

Provident  and  Insurance  Societies  and  Pension  Funds 

Sundry  Expenses,  not  classed 


£     s.  d 

4  537  10    0 

897  12    1 


41  747    8 

3  629  17 

13  810  13 

18  964  11 

16  909  15 

6  312     1 

1303     4 

1  544     8 

10  391  17 


7  .325     7  11 


31st  Dec, 
1882. 


4  538 
964 


40  234 
3  029 
13  811 
17  242 
15  911 

6  113 
872 

1  792 

7  556 
7  141 


£127  374    7    1        119  203 
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(F.) 


Steamboat  Expenses. 


Salaries  of  Commanders,  Wages  of  Crews,  &c 

Repairs,  Ship  Stores,  &c  

Coal  and  Engineers'  Stores 

Light  and  Harbor  Dues 

General  Charges 

Less — Cost  of  Working  Greenore  Service 


&      B.   d. 
20  188  la  31 

6  888    3    3 
10  156    3  11 

7  289  10    4 
2  651  13    0 


47  174     4     5 
9  985  12     0 


£37  188  12    5 


3lBt  Deo. 

1882. 


17  980 
5  292 

11247 
8  260 
2  398 


45  177 
10  048 


35  129 


Steamboat  Depreciation  and  Insurance  Account. 


To  Expended  this  Half-year. . 

To  cost  of  new  Cattle  Steamer 
Holyhead,  lost  30th  Octo- 
ber last 


£      8   d.] 
610    0    0 


35  817     3  11 


£36  427    3  11 


By  Balance  30th  June  last 

By   Amount    set    aside    from 

Revenue  this  Half-year 

By  Balance 


£      B.   d. 

8  642  15    7 


15  000    0    0 
12  784     8     4 


£36  427    3  11 


MUiEAQE  Statement. 


Miles 
Authorized. 

Miles 
Constructed. 

Miles 
Constructing 

or  to  be 
Constructed. 

Miles 

Worked  by 

Engines. 

31st  Deo., 
1882. 

Lines     owned    by    Com- 

1  570  >^ 
80  M 

1  524, -^ 
142% 

46% 
1 
3% 

1519 
152 
213% 

1  493 

Lines  partly  owned 

Lines  Leased  or  Rented . . 

140% 
213% 

Total 

30»i 

1  746  }i     ■ 
30% 

51 

1  884% 
33% 

662% 

1847)^ 
51  li 

Lines  Worked 

Foreign     Lines     Worked 
over 

560% 

Total 

1  828^i 

1  777% 

61 

2  481% 

2  459% 

Statement  of  Train  Mileage. 


9  796  002 
9  802  718 

9  389  661 

9  547  258 

Total 

19  598  720 

18  936  819 

TABLE   No.    20. 
Exact  copy  of  the  part  of  the  Semi-Auuual  Report  of  the  London  and  North  Western  Railway  relating  to  Traffic  and 

Operating  Expenses  for  the  six  months  ending  June  30th,  1884. 
Dr.  Revenue  Account— HAXiF-TEAK  ending  June  30th,  1884.  Cb. 


Abstracts: 

(A)  To  Maintenance  ofWay,  Works 

and  Stations 

(B)  To  Locomotive  Power 

(C)  To  Carriage    and    Wagon  Re- 

pairs  

To   Mileage  of  Carriages   and 
Wagons  of  other  companies. 

(D)  To  Traffic  Expenses 

(E)  To  General  Charges 

To  Law  Charges 

To  Parliamentary  Expenses... 
To  Compensation  for  Accidents 

and  Losses: 
Passengers..  £11  504    0    8 
Goods,  etc..      19  353    2     7 


To  Rates  and  Taxes 

To  Government  Duty 

To  North  Union  Railway — Pro- 
portion of  Joint  Expenses.. . 

To  Birkenhead  Railway — Pro- 
portion of  Joint  Expenses.. . 

To  Shrewsbury  and  Hereford 
Railway — Proportion  of  Joint 
Expenses 

To  Shrewsbury  and  Wellington 
Railway — Proportion  of  Joint 
Expenses 

To  Shrewsbury  and  Welshpool 
Railway — Proportion  of  Joint 
Expenses 

To  Vale    of   Towy    Railway 
Proportion     of     Joint     Ex- 
penses  

(F)  To  Steamboat  Expenses  . . . 

To  Depreciation  and  Insurance 
of  Steamboats 

To  Lancaster  Canal  Expenses 

To  Huddersfield  Canal  Ex- 
penses  


To   Balance    carried    to    Net 
Revenue  .\ccount 


June  30th, 
1883. 


£      s.   d. 

407  085  19  5 
613  389  1  4 

185  718  8  6 

13  979  4  4 

941  888  6  10 

115  336  13  6 

13  789  8  5 

11  500  0  0 


30  857  3  3 

108  961  18  9 

23  752  10  4 

7  258  4  9 

17  672  19  6 

11 300  4  9 

1  827  7  8 

2  263  13  1 


1916  13  3 
37  615  19  2 


10  000  0  0 
2  141  4 


2  908  14  9 


2  561 163  16  3 
2  353  221  17  7 


£4  914  385  13  10 


405  365 
599  742 

158  967 

13  823 
952  194 
114  213 

14  647 
12  000 


27  297 

106  305 

64  953 


18  851 


By  Traffic,  viz.: 
Passengers.. 


1  254 


1959 
34  276 


10  000, 

2  448! 


2  559  7711 
2  437  380 


4  997  151 


Class. 


First... 
Second. 
Third.  . 
Season.. 


No. 


1  139  500 

1  946  000 

22  841  751 

20  119 


Amount. 


£         8. 

241  533  15 

172  710  13 

1  007  949  19 

71  947    6 


Parcels,  Horses,  Carriages  and  Dogs ^on  oqq  Jq    - 


Mails. 


1  494  141    4    5 


80  288  18 


Merchandise £1922  229  17    0 

Less  Expenses  of  Collection  and 
Delivery  of  Goods  by  Agents. .  118  691  15  10 


Live  Stock. 
Minerals... 


By  Transfer  Fees 

By  Rents  of  Land  and  Buildings. 
Less  Repairs  and  Sundries. . . 


1  803  538  1  2 


86  413  1  11 
1  092  490  16  1 


98  143  17  0 
23  936  6  2 


'June  30th, 
1883. 


1  856  979  17  2  1  837  770 


2  982  441  19  2  3  083  687 


4  839  421  16  4  4  921  457 


756  6  8 


74  207  10  10 


97  112 
22  142 


74  970 


£4  914  385  13  10  4  997  151 
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(A) 


Uaintbnamcb  of  Way,  &o. 


SOtbJune, 
1«83. 


Salaries,  Office  Expenses  and  General  Superintend- 

euce £20018    9 

Maintenance  and  Renewal  of  Permanent  Way,  viz. : 

Wages £136  112  18    2 

Materials. 48  402     7     1 

Engines  Ballasting 10  270  18     5 

194  736  3 
Repairs  of  Approach  Koads,  Bridges,  Signals  and 

other  Works 62  235  7 

Repairs  of  Stations  and  Buildings 33  679  4 


s.  d. 


138  979 

48  716 

9  979 

197  674 

57  516 
35  229 


Rebuilding  Stations 

Repairs— Garston  and  Widnes  Docks  and  Holyhead  Harbor. 

Do.         St.  Helens  and  Coalport  Canals 

Sundry  Joint  Lines  and  Stations 

Signals,  Sidings  and  Sundry  Works 


Miles  Maintained  :  Double  or  more 1  321 

Single 370 


1  691 


310  719    5    7 

15  000  0  0 
7  614  17  1 
3  380  16    8 

16  467     1     2 
63  903  18  11 


£407  085  19    5 


310  260 


15  000 
6  017 
2  826 
17  139 
64  123 


(B)                                LocoMOTrvE  Power. 

30th  June, 
1883. 

£ 
19  985 

396  362 

193  351 

10  914 
3  637 

s. 
6 

6 

8 

14 
13 

d. 

8 

0 

5 

0 
6 

19  138 

Running  Expenses  : 

Wages  connected  with  the  Working  of  Loco 

£225  699    9 

142  353  15 

4  237    5 

24  071  15 

£88  079    3 
105  272    5 

11 

10 
3 

0 

2 
3 

227  274 

135  438 

Water 

4  996 
22  680 

Repairs  and  Renewals  of  Engines,  Tools,  &c.  : 

390  388 

89  705 

93  487 

183  192 

11010 

4  405 

£15  194  15 
4  432    8 

10 
7 

624  151 
10  762 

8 

7 

7 
3 

608  133 

Less — Cromford  and  High  Peak  Working 

8  391 

' 

£613  389     1     4 

599  742 

(C)     Repairs  and  Renewals  of  Cabbiages  and  Wagons. 

30th  June, 
1883. 

Carriages— Salaries,  Office  Expenses  and  General 

Superintendence £1752    8    4 

£      s.  d. 
118  461  10    2 

67  256  18    4 

*       1  637 

Wages... 38523     4     6 

Materials 78  185  17    4 

37  4.'10 
53  197 

Wagons  —Salaries,   Office  Expenses  and  General 

Superinteudence £2  396  12    9 

92  264 

2  382 

Wages 18728    3    7 

Materials 46  132    2    0 

17  873 
46  448 

66  703 

£185  718     8    6 

158  967 
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TABLE  No.  10.  — Continued. 


Stobes. 


Locomotive  Department  Stores 

Do.  Work  ill  progress,  and  Sundries. 
Carriage  Department  Stores 

Do.  Sundries  in  process  of  manufacture 
Wagon  Department  Stores 

Do.  Sundries  in  process  of  manufacture  . 

Permanent  Way  Stores 

Engineering  Stores 

General  Stores 

Steamboat  Stores 

Telegraph  Stores 

Engineering  Stores,  Joint  Lines 

Total 


£   s.  d. 

316  744  6  1 

186  327  4  7 
58  834  17  7 
38  508  4  1 

118  707  4  3 
•20  649  16  6 

458  299  13  6 
68  887  3  11 
29  131  12  9 
14  4U4  4  8 
14  492  0  5 


1  324  986  8  4 
33  539  16  6 


£1  358  526  4  10 


SOtliJune, 
1883. 


315  710 

181  531 
51  921 
17  676 

107  072 
14  138 

418  727 
63  894 
27  224 
9  149 
14  261 

1  221  30a 
36  301 


P) 


Tbaffic  Expenses. 


Salaries,  Wages,  &c..  Coaching  and  Police  Depart- 
ments   £230779  16  7 

Fuel  Lighting,  Water  and  General  Stores 62  956  11  1 

Clothing 12547    0  9 

Printing,  Stationery  and  Tickets 14  865    3  8 

Joint  Station  Expenses 18  689  16  7 

Horses,  Harness,  Parcel  Carts,  Provender,   kc...  11648  18  5 


351  487     7    1 


Salaries,  Wages,  &c.,  Merchandise  Department...  416  285    8  7 

Fuel  Lighting,  Water,  Grease  and  General  Stores.  28  853  19  5 

Clothing 735     1  6 

Printing,  Stationery,  &c 9  024    0  4 

Horses,  Harness,  Vans,  Provender,  &c 82  721    0  4 

Wagon    Covers,  Kopes,  &c 10  144  19  6 

Joint  Station  Expenses 10  834  13  11 

Agents'  Commission 1  964  11  8 

Hoists,  Hydraulic  Cranes,  &c 29  837     4  6 


590  400  19     9 


£941  888    6  10 


30th  June, 
1883. 


224  209 
59  001 
13  475 
15  408 
20  647 
11837 


344  577 


419  710 

28  480 
864 

8  750 
96  802 
12  496 

9  503 
1896 

29  116 


607  617 


952  194 


(E) 


Geneeal  Charges. 


Direction 

Auditors  and  Public  Accountants 

Salaries  of  Secretary,  General  Manager,  Accountants 

and  Clerks .£33  508    2    0 

Office  E:*enses,  Sundries 7  455    9    0 

Advertising 

Fire  Insurance 

Electric  Telegraph  Expenses 

Eailway  Clearing  House  Expenses 

Contribution  to  Superannuation  Fund 

Schools 

Traveling  Expenses,  Directors,  Managers,  &c 

Provident  and  Insurance  Societies  and  Pension  Funds 

Sundry  Expenses,  not  classed 


£   s.  d. 

4  537  10  0 

913  18  4 


40  963  11  0 
1  964  15  2 
6  905  6  8 

18  176  2  10 

14  798  2  4 
6  472  13  7 
1  185  13  5 
1  655  9  9 

11  662  14  11 
6  lOU  15  6 


30th  June, 
1883. 


£115  336  13  6 


4  538 
901 


39  718 
2  040 
6  905 
18  457 
15  290 

6  295 
1162 
1689 
9  253 

7  965 


114  213 
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(F) 


Steamboat  Expenses. 


Salaries  of  Commanders,  Wages  of  Crews,  &c. 

Repairs.  Ship  Stores,  <<cp 

Coal  and  Engineers'  Stores 

Light  and  Harbor  Dues 

General  Charges 

Less — Cost  of  Working  Greenore  Service 


30th  June, 
1883. 

£         8. 

20  203  12 
7  002  13 

10  784  15 
7  181  11 
2  363    7 

d. 
4 
3 
3 
2 
2 

19  142 

6  119 
10  015 

7  089 
1960 

47  535  19 
9  920    0 

2 
0 

44  325 
10  048 

£37  615  19 

2 

34  277 

Steamboat  Depreciatiox  and  Insurance  Account. 


To  Balance  Slst  Dec.  last 

To  Expended  this  Half-year.. 


£ 

s. 

d. 

12  784 

8 

4 

438 

16 

9 

£13  223 

5 

1 

By    Amount   set     aside    from 

Revenue  this  Half-year 

By  Balance 


£      8.  d. 

10  000    0    0 

3  223    5    1 


£13  223    5    1 


Mileage   Statement. 


Miles  Au- 
thorized. 

Miles  Con- 
structed. 

Miles  Con- 
structing or 
to  be  Con- 
structed. 

Miles 

Worked  by 

Engines. 

30th  June, 
1883. 

Lines  owned  by  Company 

Do.     partly  owned 

1  570V 

80i 

146i 

1  5283 
79i 
1425 

41'; 
1 
3| 

1523* 
152 
213a 

1499i 
I4O5 

Do.    Leased  or  Rented 

213» 

Total 

Lines  Worked 

1  797i 
30i 

1  751 
30^ 

46>         I       1  8891 

33| 

562 ,' 

1854 
611 

Foreign  Lines  Worked  over... . 

560,' 

Total 

1828^ 

1781J 

46^^        1       ">  i-^^'i       1 

2  476^ 

1 

Statement  of  Train  Mileage. 


Passenger  Trains . 

9  318  457 
8  933  380 

8  969  727 

Goods  and  Mineral  Trains 

9  528  331 

ToUl 

18  251  837 

18  498  058 
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(A) 


Maintehanoe  of  Way,  &c. 


Salaries,  Office  Expenses,  and  General  Superin- 
tendence       £19145  19    2 

Maintenance  and  Renewal  of  Permanent  Way,  viz. 

WaRes     £136848  19    3 

Materials 135  880  11     9 

Engines  Ballasting 11010    7    2 


Repairs    of    Approach  Roads,   Bridges,    Signals, 

and  other  Works 

Repairs  of  Stations  and  Buildings 


283  739  18    2 


70  029  13    1 
40  745  10    2 


Rebuilding  Stations 

Repairs — Garston  and  Widnes  Docks  and  Holyhead  Harbor. 

Do.        St.  Helens  and  Coalport  Canals 

Sundry  Joint  Lines  and  Stations 

Signals,  Sidings,  and  Sundry  Works 


Miles  Maintained : 
Double  or  more. 
Single 


1334 

370 


aist  Dec, 
1883. 

£       8.    d. 

19  669 

138  169 

133  969 

11772 

283  910 

62  615 
36  167 

413  661     0    7 

4<  2  381 

20  000    0    0 
6  719    5    0 
3  758  12     7 
17  420    3    4 
46  658    8    5 

20  (100 
7  960 
3  3(16 
14  619 
72  973 

£608  217    9  11 

521  23» 

(B)                              Locomotive  Power. 

31st  Dec, 
1883. 

Salaries,  Office  Expenses,  and  General  Superint 
Running  Expenses: 

Wages    connected  with    the     Working 

£ 
19  421 

412  187 

187  121 

15  479 
3  724 

6. 

7 

12 

8 

5 
9 

d. 
6 

4 

8 

1 
1 

18  962 

of 
. . .     £238  685  18 

2 
0 
8 
6 

4 
4 

231  898 

Coal  and  Coke 

140  763  11 

141  819 

Water 

Oil,  Tallow,  and  other  Stores 

5  581  11 
27  256  11 

4  728 
27  293 

...      £90  523    2 

Repairs  and  Renewals  of  Engines,  Tools,  &c.: 

405  738 

90  774 

96  598    6 

93  885 

184  659 

Special  Expenditure 

15  472 

Stationary  Engines,  Liverpool  Tunnels 

3  653 

£16  947  12 

10 
5 

Cr.,  Mileage  of  Sundry  Trains 

637  934 
14  032 

2 
16 

8 
5 

628  484 

Less— Ctomfocd.  and  High  Peak  Working. 

2  914  16 

10  925 

£623  901 

6 

3 

617  509 

(C)    Repaibs  and  Remewals  of  Carriages  and  Wagons. 

.31st  Dec, 
1883. 

Carriages— Salaries,  Office  Expenses  and  General 

Superintendence £1695    2     1 

£      s.    d. 

112  335    4     6 

71  718    2  10 

1  675 

Wages 38096    3    3 

34  121 

Materials 72  543  19    2 

62  567 

Wagons— Salaries,  Office    Expenses   and  General 

Superintendence £2  353    8    0 

Wages 22743  10    2 

Materials 46  621     4    8 

98  363 

2  328 
18  519 

72  990 

£184  053    7    4 

171  353 

TABLE   No.   21. 


Exact  copy  of  the  part  of  the  Semi- Annual  Report  of  the  London  and  North  Western  Railway  relating  to  TraflBc  and 
Operating  Expenses  for  the  six  months  ending  December  31st,  1884. 


Dr. 


Revenue  Account — Half-year  ending  December  31st,  1884. 


Cr. 


Abstracts: 

(A)  To   jraintenance  of    Way, 

Works  and  Stations 

(B)  To  Locomotive  Power 

(C)  To    Carriage    and    Wagon 

Repairs 

To  Mileajie  of  Carriages 
and  Wagons  of  other 
Companies 

(D)  To  Traffic  Expenses 

(E)  To  General  Cliarges 

To  Law  Cliargea 

To  Parliamentary  Expenses 
To  Compensation  for  Acci- 
dents and  Losses  : 

Passengers.    £U  527  12    0 
Goods,  etc...   22  3S6    2    4 


To  Rates  and  Taxes 

To  Government  Duty 

To  North  Union  Railway — 
Proportion  of  Joint  Ex- 
pense   

To  Birkenhead  Railway 
— Proportion  of  Joint 
Expense 

To  Shrew.sbury  and  Here- 
ford Railway  —  Propor- 
tion of  Joint  Expense. . 

To  Shrewsbury  and  Wel- 
lington Railway  —  Pro- 
portion of  Joint  Expense 

To  Shrewsbury  and  Welsh- 
pool Railway  —  Prox)or- 
tion  of  Joint  Expense.. . 

To  Vale  of  Towy  Railway 
— Pro;  ortion    of     Joint 

Expense 

(F)  To  Steamboat  Expenses.. . 

To  Depreciation  and  Insur- 
ance of  Steamboats 

To  Lancaster  Canal  Ex- 
penses  

To  Huddersfield  Canal  Ex- 
penses  


508  217    9  11 
G23  901     6    3 


184  053    7    4 


10  774 

2 

7 

11431 

958  739 

9 

5 

964  726 

126  701 

18 

10 

127  374 

13  449 

10 

8 

13  490 

12  0(J0 

0 

0 

12  000 

36  913  14  4 
128  003  2  11 
28  578  17    8 


8  OGO     1  4 

17  213    2  1 

11  935    6  3 

3  602  13  10 

2  107     0  0 

2  320    G  3 

37  897  10  6 

15  000    0  0 

2  056    0  1 

2  G47    9  7 


2  734  2G2    9  10 

To  Balance  carried  to  Net 

Revenue  Account 2  677  152  19  11 


£5  411415    9    9 


Dec.  31st, 
1883. 


521  239 
617  509 


40  321 

121  862 
59SG5 


7  738 

18  834 

10  667 

2  554 

1345 

2  103 
37  189 

15  000 

2  268 

3  715 


2  762  583 
2  694  070 


5  456  653 


By  Traffic,  viz. : 
Passengers . . 


Class. 


First.... 
Second. 
Third  . . 
Season . 


No. 


1  ISO  832 

2  039  590 
25  788  360 

18  959 


£        8.    d. 

289  514    8     2 

214 170    4    5 

1  273  754    3    4 

60  566    1  11 


Parcels,  Horses,  Carriages  and  Dogs . 
Mails 


Merchandise . 


Less    Expenses    of    Collection ) 
and    Delivery  of   Goods  by  [ 


£1  955  869    6    9 
120  076  19    6 


Agents. 


Live  Stock. 
Minerals... 


By  Transfer  Fees. 


By  Rents  of  Land  and  Buildings. 
Less  Repairs  and  Sundries 


s.  d, 


1  838  004  17  10 


303  251     2    3 
83  182  13    6 


1  835  792    7    3 


127  267    9    9 
1  130  339  10    0 


116  879  13 
24  054  18 


2  224  438  13    7 


3  093  399    7    0 


5  317  838    0    7 


752  14    0 


Dec.  3l8t, 
1883. 


2  1-6  048 


92  824  15    2 


108  830 
24  172 


£5  411415    9    9 


84  658 


5  456  653 
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Storks. 


31st  Dec. 
1883. 


Locomotive  Department  Stores 

Do.  Work  in  progress  and  Sundries. 

Carriage  Department  Stores 

Do.  Sundries  in  process  of  manufacture 

Wagon  Department  Stores  

Do.  Sundries  in  process  of  manufacture 

Permanent  Way  Stores 

Engineering  Stores 

General  Stores 

Steamboat  Stores 

Telegraph  Stores 

Engineering  Stores,  Joint  Lines 

Total 


£  s.  d 
Zii  406  18  6 
208  191  0  4 
61  125  14  0 
28  740  5  6 
120  237  4  6 
13  370  1  8 
483  480  3  4 
35  179  4  1 
27  350  15  8 

12  333  14  4 

13  637  0  10 


322  451 

191  302 
64  449 
41876 

112  884 
16  143 

441260 
35  526 
28  306 
10  302 
14  978 


1  348  052     2    9 
35  482  11     6 


1  269  477 
36  456 


£1  383  534  14    3 


(D) 


Tbatfio  Expenses. 


Salaries,   Wages,   &c.,    Coaching    and    Police    De- 
partments   £239  839  12  5 

Fuel,  Lighting,  Water  and  General  Stores 59  793  13  6 

Clothing 10  456    4  7 

Printing— Stationery  and  Tickets 20  503    4  11 

Joint  Station  Expenses 16  327     7  7 

Horses,  Harness,  Parcel  Carts,  Provender,  «S:c. .   ..  10  336  13 


Salaries,    Wages,   &c.,    Merchandise    Department.  .    427  934  11  11 
Fuel,     Lighting,    Water,    Grease,     and    General 

Stores 28836    1  5 

Clothing 816  13  1 

Printing.  Stationery,  &c 8  886  11  7 

Horses.  Harness,  Vans,  Provender,  &c 87  83S  18  9 

Wagon  Covers.  Ropes,  &c 9  497     2  4 

Joint  Station  Expenses 12  035  14  5 

Agents' Commission 2  010    5  0 

Hoists,  Hydraulic  Cranes,  &c 23,626  14  3 


357  256  16    8 


601  482  12    9 


£958  739    9    5 


3l8t  Dec, 

1883. 


236  308 
57  195 
9  915 
19  598 
18  987 
10  984 


352  987 


427  376 

29  680 
712 

9  199 
91105 
10  488 
10  988 

1891 

30  350 


611  739 


964  726 


(E) 


Oenebal  Chabges. 


Direction 

Auditors  and  Public  Accountants 

Salaries     of     Secretary,     General     Manager,     Ac- 
countants and  Clerks £33  755    8    2 

Office  Expenses,  Sundries 8  814  14    2 

Advertising 

Fire  Insurance 

Electric  Telegraph  Expenses 

Railway  Clearing  House  Expenses 

Contribution  to  Superannuation  Fund j 

Schools 

Traveling  Expenses,  Directors,  Managers,  &c , 

Provident  and  Insurance  Societies  and  Pension  Funds 

Sundry  Expenses,  not  classed , 


£       s.    d 

4  537  10    0 

871  13    1 


42  570     2 

3  780  13 

13  810  13 

18  051     3 

15  547  10 

6  502  \H 

1  311     6 

1  546  13 

12  124  13 


31st   Dec, 
1883. 


4  537 
898 


41  747 
3  630 
13  811 
18  965 
16  910 

6  312 
1303 
1  544 

10  392 

7  325 


£126  791  18  10 


127  374 
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TABLE  No.  21.— Continued. 


(F) 


Steamboat  Expenses. 


Salaries  of  Commandei  s,  Wages  of  Crews,  &c. . 

Kepairs,  Ship  Stores,  &c 

Coal  and  Engineers'  Stores 

Light  and  Harbor  Dues 

General  Charges 

Less  —Cost  of  Working  Greenore  Service 


£        s. 

d. 

20  015    2 

2 

20  189 

6  862  12 

8 

6  888 

10  773  10 

5 

10  156 

7  698     1 

11 

7  289 

2  596     3 

4 

2  652 

47  9-15  10 

6 

47  174 

10  048    0 

0 

9  985 

31st  Dec. 

1883. 


£37  897  10     6! 


Steamboat  Depreciation  and  Insubance  Account. 


To  Balance  30th  June  last.. . 
To  Balance 


£      s    d. 
3  223    5    1 


13  301  14  11 


£16  525    0    0 


By  Amount   set   aside    from 
Revenue  this  Half-year 

By  sale  of  the  Telegraph 


£       8.    d. 
15,000     0     0 


£16  525     0    0 


Mileage  Statement. 


Miles 
Authorized. 

Miles 
Constructed 

Miles  Con- 
structing or 
to  be  Con- 
structed. 

Miles 

Worked  by 

Engines. 

31st  Dec, 
1883. 

Lines  owned  by  Company. .. 

1576| 
86 
141 

1542 

85 

137 

34i 

1 
4 

1  532} 
163 
203 

1  519 
152 

Do.     Leased  or  Rented 

213} 

Total 

1  803} 
303 

1  764 

30a 

39} 

1  898} 
33J 
5623       1 

1  884' 

33? 

Foreign  Lines  Worked  over. 

562} 



Total 

1834 

1794} 

39} 

2  494} 

2  481} 

Statement  of  Train  Mileage. 


Passenger  Trains 

Goods  and  Mineral  Trains 

Total 


10  258  096 
9  438  932 


9  796  002 
9  802  718 


19  598  720 
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The  Baltimore  and  Ohio  RAHiKOAD. 

This  railroad  has  betni  selected  by  the  author  as  a  sample  of  the 
extreme  type  ot  the  American  system  of  railroad  construction.  In  this 
we  have  a  trunk  line  doing  a  very  large  and  jjrofitable  traffic,  con- 
structed in  an  engineering  sense  through  an  extremely  difficult  country, 
■which  obliged  the  adoi)tiou  of  very  sharp  curves  and  steep  grades. 
{See  Plate  I.) 

It  is  perfectly  .safe  to  say  that  the  curves  on  this  road  could  not  be 
operated  safely  at  any  reasonable  speed  by  rolling  stock  built  on  the 
English  type,  with  long  and  rigid  wheel-base;  and  to  have  built  this 
road  with  easy  curves,  sTiitable  for  it,  the  cost  would  have  been  many 
times  what  it  has;  in  fact  the  cost  would  have  been  so  great,  that,  as  a 
commercial  undertaking,  it  would  have  been  impracticable.  The 
operating  expenses  of  the  Baltimore  and  Ohio  Railroad  show  that 
engineers  generally  have  over-estimated  the  exjiense  of  operating  sharp 
cur\-es.  The  exi)erience  of  this  road  shows  that  with  jjroperly  con- 
structed rolling  stock  the  expense  is  comparatively  small,  and  it  can 
be  safely  operated  at  high  speed. 

This  road  attains  a  maximum  summit  elevation  of  2  620  feet  above 
the  sea,  with  very  sharp  curves,  yet  the  total  cost  of  all  the  coal  used  on 
the  main  stem  and  branches,  aggregating  553  miles,  only  cost  $339  239.73, 
in  a  total  operating  expense  of  $6  147  658.80,  or  5.5  per  cent.  The 
annual  cost  of  inel  for  each  mile  of  road  is  S613,  which  is  6  per  cent, 
interest  on  ^10  21G.  So  if  it  had  been  possible  to  have  located  a  road 
that  would  have  saved  all  the  fuel,  the  engineer  would  have  been  only 
justified  in  exi)ending  $10  216  per  mile  additional  to  accomi^lish  it. 

This  road  has  a  great  many  disadvantages  to  contend  with,  and  no 
advantages  except  cheap  fuel,  which  is  probably  about  the  same  price 
as  on  the  English  roads. 

The  data  about  the  Baltimore  and  Ohio  Railroad  from  which  these 
Tables  have  been  constructed,  have  been  taken  from  the  Comj^any's 
Annual  Report  for' 1883,  i)ages  30  and  44;  the  line  operated  embracing 
the  main  stem,  including  Winchester  and  Potomac,  Winchester  and 
Strasburg,  Strasburg  and  Harrisonburg,  Metroi)olitan  Branch,  Wash- 
ington City  and  Point  Lookout,  and  Somerset  and  Cambria  branches, 
making  a  total  of  553  miles. 
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By  referring  to  Table  12,  showing  tlie  annual  operating 
expenses  of  the  Baltimore  and  Ohio  Railroad,  the 
percentage  of  all  the  expenses  that  are  aifected  by 
good  or  bad  construction  amounts  to 61 .  S 

The  English  roads  average 51 . 8 

Balance  against  Baltimore  and  Ohio,  per  cent 9.5 

Annual  operating  expenses  of  Baltimore  and  Ohio  as 

per  Table  12 ^6 147  666 

Annual  saving  in  the  working  expenses,  if  the  road  had 
been  constructed   eqixal   to    the   average  English 

roads,  $6  147  666  X  .095 584  028 

Ditto  per  mile 1  056 

This  annual  saving  per  mile,  capitalized  at  six  per  cent.      17  600 

Thus  it  appears  that  the  engineer  would  have  been  justified  in 
spending  $17  600  only  additional,  in  making  the  road  equal  to  the 
English  standard  of  perfection.  You  can  judge  how  far  this  w^ould 
have  gone  in  enlarging  the  many  curves  from  600  feet  radii  to  a  min- 
imum of  half  a  mile  radii,  to  say  nothing  of  the  grade,  and  the  summit 
elevation. 

Mr.  James  L.  Randolph,  M.  Am.  Soc.  C.  E.,  Consulting  Engineer 
of  the  Baltimore  and  Ohio  Railroad,  gives  the  author  the  following 
short  description  of  the  character  of  the  line : 

FiKST  Division. 

Length  of  line 100  miles. 

Baltimore  (50'  A.  M.  T.)  to  Martinsburgh  (415'  A.  M.  T.) 
The  road  has  no  notes  of  the  line  between  Baltimore  and  Harper's 
Ferry.  The  seven  miles  next  to  Baltimore,  and  the  forty-three  next  to 
Martinsburgh,  have  curves  and  tangents  about  the  same  as  the  Second 
Division.  The  other  fifty  miles,  in  the  valley  of  the  Patapsco,  has 
strong  curves  and  few  tangents,  and  is  similar  to  the  Third  Division. 

Second  Division. 

Length  of  line 100  miles^ 

Martinsburgh  (415'  A.  M.  T.)  to  Piedmont  (919'  A.  M.  T.) 

Minimum  radius  of  cui-^es 1  000  feet. 

Degrees   turned 10  086  =  28  miles. 

Total  ascent  westward 778  feet. 

Total  descent       "  274    *' 

Maximum  grade 39 . 6  per  mile. 

Running  time,    including    stoppages,    2 

hoi;rs  35  minutes,  = 38.7  miles  per  hour. 
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Third  Division. 

Length  of  line 73*  miles. 

Piedmont  (919'  A.  M.  T.)  to  Grafton  (987'  A.  M.  T.) 

Minimnm  radins  of  curves 600  feet. 

33j  miles  curved,  and  5  miles  of  this  less  than  650  feet  radius. 

Degrees  turned 9  078. 

Maximum  grade  on  tangents 120  feet. 

Maximum   grade    on    curves    of    650  feet 

radius 114  feet  per  mile. 

Total  ascent  westward 2  402    " 

Total  descent       "  2  334    " 

Running   time,    including    stoppages,    2 

hours  38  minutes,  = 29. 3  miles  per  hour. 

Fourth  Division. 

Length  of  line 99i^  miles. 

Grafton  (987'  A.  M.  T.)  to  "Wheeling  (645'  A.  M.  T.) 

Minimum  radius  of  curves 600  feet. 

Degrees  turned 14  976. 

Length  of  curved  line 59^  miles. 

"  "  straight  "   40 

Length   of   curvature   less   than  650  feet 

radius 5^       " 

Maximum  grade  per  mile 80  feet. 

Total  ascent  westward 779     " 

Total  descent       "        1121     " 

Eunning    time,    including    stoppages,    3 

hours  14  minutes,  = 30.8  miles  per  hour. 

Elevation  of  summit  above  mean  tide ...    2  620  feet. 

The  PENNSTiiVANiA  Railroad. 

The  officers  of  the  Pennsylvania  Railroad  have  kindly  sent  the 
author  the  data  given  helow  and  that  on  Plate  II.  This  railroad 
has  justly  become  celebrated  for  its  thorough  management,  cheap 
charges,  both  for  freight  and  passengers,  and  the  great  attention  i^aid 
to  promoting  the  comfort  of  the  latter. 

As  will  be  seen  by  the  jirofile  on  Plate  II,  the  road  commences  at 
tide  level  at  Philadeli)hia,  runs  over  an  undulating  country,  crossing 
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the  Blue  Eiclge  at  Gallitziii  at  au    elevation  of  2  154  feet   above  tide, 
terminatiug  at  Pittsburgh  at  738  feet  above  tide. 

PHiiiADEiiPHiA,  August  11th,  1885. 
Mr.  Edward  Bates  Doesey, 

Consulting  Engineer, 

The  American  Exhibition, 

7  Poultry,  London,  E.  C. ,  Eng. 

My  Dear  Sir, — I  am  i)leased  to  acknowledge  receipt  of  your  favor 
of  August  1st,  with  inclosure.  I  am  glad  to  know  you  have  taken  so 
warm  an  interest  in  the  comparison  of  the  various  railways  throughout 
the  world.  There  is  a  great  deal  that  may  be  said  in  favor  of  our 
American  railways,  but  I  think  a  great  deal  of  criticism  can  be  made 
against  them. 

I  note  what  you  say,  especially  in  reference  to  the  difference  in  the 
compensation  which  the  railway  companies  receive  from  different 
classes  of  passenger  travel.  This  is  a  qiiestion  to  which  I  have  given 
some  thought.  I  am  Avell  satisfied  that  in  America  what  we  call  parlor 
or  sleei)ing-car  traffic  does  not  pay  anything  like  the  returns  which  the 
railway  companies  receive  from  ordinary  passenger  travel. 

Very  truly  yours, 

G.  B.  Egberts, 

President. 


Philadelphia,  June  11th,  1885. 
Edward  Bates  Dorsey,  Esq., 

Member  of  American  Soc.  C.  E., 

London,  Eng. 

Dear  Sir, — Answering  your  letter  of  the  23d  ult.,  which  only 
reached  me  on  the  8th  inst. ,  I  send  you  herewith  a  blue  print  show- 
ing the  grade  line  of  the  Pennsylvania  Railroad  from  Pittsburgh  to 
Philadelphia. 

We  have  no  plan  of  the  line  of  the  road  on  a  small  scale  from  which 
we  could  get  you  a  jarint. 

Our  curves  are  generally  light,  though  we  have  three  or  four  on  the 
line  as  high  as  eight  degrees,  and  quite  a  number  of  six  degrees,  but 
the  majority  are  less  than  four  degrees. 

I  am  not  aide  at  the  present  time  to  give  you  the  percentage  of  curva- 
ture, but  it  certainly  does  not  vary  much  from  33  jjer  cent. 
\A  We  also  inclose  you  a  lithograi)h  of  the  cross-section  of  our  road- 
bed, which,  I  think,  has  nearly  as  much  effect  on  the  economical 
working  of  a  railroad  as  the  curvature.  W^e  have  learned  by  experience 
that  the  cheapest  way  to  operate  a  railroad  is  to  keep  the  track  in  first- 
class  condition  at  all  times. 

Respectfully, 

Wm.  H.  Brown, 

Chief  Engineer. 
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CV)ST   OF    CONSTKUCTION   COMPARED. 

From  tlio  prec-eding  tables,  it  appears  that  the  average  cost  of  rail- 
ways iu 

Euolaud.  in  1883  was,  i)er  mile .^202  227 

In  the  United  States  • '         62  176* 

Excess  in  cost  of  the  English $140  051 

In  England,  the  land  or  right  of  way.  Parliamentary  expenses, 
block  system,  and  crossings,  cost  mncli  more  than  in  the  United  States, 
but  this  is  more  than  balanced  by  the  saving  in  the  price  of  labor,  iron 
and  steel,  which  constitute  most  of  the  cost  of  railroad  construction. 
These  items  probably  averaged  during  the  construction  of  the  roads 
one-third  cheaper  in  England  than  in  the  United  States. 

Owing  to  the  high  i)rices  of  laud,  high  charges  for  right  of  way.  Par- 
liamentary expenses,  the  almost  universal  iTse  of  the  block  system  of 
signals,  and  the  bridges  at  road-crossings,  the  cost  of  construction  of 
the  English  railroads  must  necessarily  be  greater  than  the  American. 

Eeferriug  to  Table  6,  it  appears  that  the  i)ercentage  of  the  total  an- 
niTal  operating  expenses  that  is  alfected  by  good  or  bad  constriiction  is 
7.9  per  cent,  greater  on  the  average  of  all  the  American  railroads  than 
on  the  average  of  all  the  English  roads — say  eight  per  cent. 

Table  16  shows  that  the  total  operating  expenses  for  all  the  railways 
of  England  in  1883  was,  jjer  mile,  §10  000,  and  in  the  United  States, 
for  all  the  railroads  it  was,  i^er  mile,  $4  410. 

If  all  the  railroads  of  the  United  States  had  been  as  well  constructed 
as  in  England,  that  is,  at  an  additional  cost  of  S140  051  pev  mile,  there 
would  have  been  saved  eight  per  cent,  of  the  annual  operating  expenses, 
which  averaged  §4  410  per  mile;  eight  jjer  cent,  of  this  amounts  to  $353, 
which  would  have  been  the  amount  saved  l)y  expending  $140  051  more 
jjer  mile;  this  ecpials  0.25  i)er  cent,  on  the  additional  cost.  In  other 
words,  it  would  have  required  an  additional  expenditure  in  construction 
of  $140  051  per  mile,  to  save  annitally  $353  in  working  expenses. 

On  tlie  other  hand,  if  the  English  railroads  had  been  built  on  the 
American  plan,  at  $140  051  per  mile  less  cost,  their  working  exjienses 
would  have  been  increased  eight  per  cent.,  or  $800  per  mile  annually. 
To  save  this,  $140  051  has  been  expended  jjer  mile. 

*  Probably  over  one-third  of  this  cost  is  made  by  intiated  or  watered  stock.  If  all  our 
railroads  had  been  built  as  the  English  built  theirs,  where  all  the  stock  and  bonds  are  sold  at 
or  near  par,  and  nearly  all  the  proceeds  applied  fairly  and  squarely  to  the  construction  or  im- 
provement, of  the  roads,  the  average  cost  would  not  be  over  $40  000  per  mile 

Poor's  Manual  for  1883,  which  is  the  best  authority  on  the  cost  and  working  of  the  Amer- 
ican railroads,  at  page  iv  eavs  :  "The  actual  cost  of  all  the  railways  in  the  United  States  does 
not  exceed  $3  787  410  728;  tliis  divided  by  121  592  miles  =  $31  148  average  cost  per  mile." 
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OPERATING  EXPENSES  OF  ENGLISH  AND  AMERICAN  RAIL- 
ROADS COMPARED. 

Explanations. 

In  order  to  compare  the  cost  of  operating  the  two  systems  of  rail- 
roads, and  to  ascertain  if  the  greater  cost  of  constructing  the  English 
roads  gave  a  corresponding  saving  in  working  expenses,  Tables  Nos.  23, 
24,  25  and  26  were  computed.  The  data  for  the  English  roads  were 
taken  from  their  semi-annual  rejiorts  and  from  the  reports  of  the  Board 
of  Trade.  Those  for  the  American  roads  were  taken  from  the  reports  of 
the  Railroad  Commissioners  of  the  States  of  New  York  and  Massachusetts, 
and  in  some  cases  from  the  reports  of  the  companies,  and  in  all  cases 
can  be  considered  reliable.  In  some  cases  it  has  been  necessary  to  ex- 
ercise discretion  in  analysing  the  accounts,  as  different  companies  have 
different  forms  for  keeping  their  books.  The  railroads  of  the  United 
Kingdom  selected  for  comparison  embrace  all  the  leading  roads.  The 
American  railroads  selected  are  all  located  in  a  country  naturally  as 
rough  and  offering  as  great,  if  not  greater,  physical  obstacles  to  cheap 
working  than  that  in  which  the  English  roads  are  located.  All  roads 
or  branches  located  in  level  or  prairie  country  have  been  excluded. 

The  American  roads  selected  have  certainly  no  advantage  in  the 
physical  character  of  the  country  they  pass  through. 

In  order  to  make  the  comparison  more  complete,  the  selected 
American  roads  embrace  all  kinds  of  roads,  from  the  large  trunk  lines 
down  to  the  small  provincial  or  local  roads.  All,  however,  show  very 
uniform  workings. 

Ton  and  Passenger  Mileage  Per  Mile  or  Single  Track. 

Many  prominent  railroad  men  in  England  have  told  the  author  that  it 
is  necessary  to  run  the  freight  trains  at  great  speed  in  order  to  clear  the 
track  of  their  enormous  business.  In  order  to  compare  the  traffic  on  the 
different  roads,  and  to  ascertain  the  force  of  this  assertion.  Table  No.  24 
was  constructed,  showing  the  analyses  of  the  traffic  of  the  principal  rail- 
roads of  each  country.  In  this  table  all  the  tracks  have  been  reduced 
to  single  track,  and  the  ton  and  passenger  mileage  calculated  upon  this 
basis. 

In  all  returns  made  by  the  English  railroads,  no  mention  is  made  of 
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third  or  fourtli  tracks,  they  being  included  under  the  general  head  of 
"  double  or  more  tracks."* 

All  the  large  companies  of  England  have  many  miles  of  third  and 
fourth  tracks.  For  the  want  of  reliable  data  these  have  not  been  calcu- 
lated in  their  mileage ;  if  these  were  added,  their  single  track  mileage 
would  be  largely  increased,  and,  consequently,  the  traffic  per  mile  would 
be  proportionally  reduced. 

On  the  American  railroads  all  tracks  have  been  estimated  and  in- 
cluded in  the  single  track. 

In  both  countries  all  sidings  and  turnouts  have  been  excluded. 

The  following  recapitulation  of  Table  No.  24  embraces  the  railroads 
having  the  most  traffic. 

TABLE  No.  22. 


Name  of  Railkoad. 


Mileage  per  Mile  of 
Single  Track. 


England. 


North  Eastern 

Midland 

London  and  North  Western 

London,  Chatham  and  Dover 

London,  Brighton  and  South  Coast. 
Great  Western 


Average . 


United  States. 


Boston  and  Albany 

Bo.ston  and  Providence 

New  York,  New  Haven  and  Hartford 

New  York  Central  and  Hudson  River 

New  York,  Lake  Erie  and  Western 

Pennsylvania — Pennsylvania  Railroad  Division. 


Passenger. 


137  000 

455  138 

181  272 

512  714 

233  777 

473  912 

634  036 

195  906 

547  328 

192  778 

190  111 

308  703 

320  587 


272  642 
492  863 
516  694 
182  680 
114  982 
130  235 


Average j      285  016 


Ton. 


356  525 


609  686 
194  772 
314  359 
927  973 
1216  913 
1  594  898 


809  767 


•  The  returns  of  the  Boar.l  of  Trade  for  1883,  in  their  Table  No.  2a,  gives  the  third  and 
fourth  track  on  some  of  the  English  railroads.  Apparently  in  some  cases  sidings  are  included 
in  this  list.  In  order  to  be  on  the  safe  side,  these  additions  have  not  been  included  in  the 
estimate  of  single-track  mileage  ;  by  including  them,  the  single  track  stated  in  this  paper 
would  be  increased  as  follows,  viz.: 


London  and  North  Western. . .  .250  miles. 

London  and  South  Western 20 

Midland 162      " 


Great  Northern 82  miles. 

London.Brighton  and  South  Coast  28      " 
Great  Western 38 


48  DOKSEY    ON    ENGLISH    AXD    AMERICAN    RAILROADS. 

From  this  it  appears  that  the  above  six  American  railroads  average 
more  than  double  freight,  with  only  eleven  per  cent,  less  passenger  traf- 
lic  than  the  six  English. 

The  Pennsylvania  ton  mileage  is  more  than  three  times  that  of  the 
Midland,  the  highest  ton  mileage  on  the  English  list,  while  their  pas- 
senger mileage  is  only  29  per  cent.  less. 

The  Boston,  New  Haven  and  Hartford  in  i^assenger  traffic  is  19  per 
cent,  less  than  the  London,  Chatham  and  Dover,  the  highest  on  the 
English  list,  while  their  freight  is  60  per  cent.  more. 

The  Boston  and  Albany  has  a  larger  passenger  and  freight  traffic 
than  any  of  the  large  or  trunk  lines  of  England. 

From  this  showing,  it  does  not  appear  necessary  to  run  the  trains  on 
the  English  roads  any  faster  in  order  to  clear  the  tracks  of  traffic  than 
on  the  American  railroads. 

Cost  of  Fuel. 

The  management  of  the  railroads  of  the  United  Kingdom  kindly 
furnished  the  author  with  the  cost  of  coal  used  on  their  respective  lines. 
For  this  information  and  other  courtesies  received  from  them,  the 
author  takes  this  opportunity  to  return  his  thanks.  As  this  information 
was  furnished  confidentially,  hs  does  not  feel  justified  in  giving  the 
exact  figures.  As  a  compromise,  he  has  assumed  the  cost  of  coal  on  the 
lines  north  and  west  of  London  running  into  the  coal-fields  at  6s.  8d., 
or  $1.60,  per  ton  of  2  240  lbs.,  and  on  most  of  the  roads  south  of  London 
at  12s.  6d.,  or  $3.  In  most  cases  this  is  somewhat  higher  than  the  actual 
prices  given,  in  some  few  instances  slightly  lower,  but  in  all  cases  suf- 
ficiently accurate  for  comparison.  The  price  given  is  the  cost  of  coal 
delivered  to  the  roads,  and  does  not  include  any  charge  for  transporta- 
tion on  the  road  consuming  it. 

The  cost  of  coal  on  the  American  railroads  running  into  coal-fields 
has  been  taken  as  the  same  as  on  the  English  railroads  running  into 
coal-fields,  i.  e.,  $1.60  per  ton  of  2  240  lbs. 

The  cost  of  coal  consumed  on  the  New  York  Central  and  Hudson 
River  Railroad  could  not  be  ascertained  from  any  official  source.  All 
through  this  paper  it  has  been  estimated  as  costing  $3.20  per  ton  of 
2  240  lbs. 

Wages  of  Engine-Dkivers  and  Firemen. 
After  careful  inquiry,  the  average  daily  wages  of  the  English  engine- 
driver  has  been  taken  at  7s.  =$1.68,  and  the  American  at  $3.83.     And 
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that  of  the  English  fireman  at  4s.  =^0.96,  and  the  American  at  ^1.99. 
To  equalize  these,  the  American  wages  should  be  reduced  54.6  per  cent., 
but  in  order  to  be  safe,  they  have  ouly  been  reduced  50  j^er  cent. 

Rep.vtrs  and  Renewals  of  Locomotives. 

The  result  as  shown  by  this  column  in  Table  No.  23  was  a  great  sur- 
prise to  the  author.  He  had  the  impression  that  the  English  locomotive 
on  their  smooth  roads  woiild  require  less  repairs  than  the  apparently 
weaker  American  locomotive  on  our  rougher  roads,  some  of  which  are 
far  from  being  equal  to  the  English  standard. 

The  average  cost  of  repairs  and  renewals  of  locomotives  on  fourteen 
railroads  in  the  United  Kingdom  was  7.8  per  cent,  of  the  total  operat- 
ing expenses,  against  5.7  per  cent.,  the  average  of  eight  American  rail- 
roads, or  say,  one-third  less. 

This  is  very  strong  and  emphatic  contradiction  to  the  often  repeated 
assertion,  that  the  outside-cylinder  engines  will  shake  and  twist  them- 
selves to  pieces.  A  few  days  since,  a  prominent  railroad  man  in  Eng- 
land told  the  author  that  he  had  thoroughly  tried  the  outside-cylinder 
engines,  but  had  given  them  up  on  account  of  the  great  expense  of  re- 
l^airs,  "  that  they  wriggled  themselves  to  pieces." 

As  labor  constitutes  about  one-half  the  cost  of  locomotive  repairs,  the 
wages  paid  in  the  United  States  should  be  reduced  50  per  cent,  to  eqvialize 
them  with  those  jjaid  in  England;  the  average  percentage  of  the  cost 
of  repairs  and  renewals  on  the  American  railroads  would  then  be  4 . 3  per 
cent,  of  the  total  operating  expenses,  against  7.8  per  cent,  on  the  rail- 
roads of  the  United  Ivingdom,  or  nearly  one-half. 

Maxntenance  of  Way. 

The  average  cost  on  fourteen  English  railways  was  17.8  per  cent,  of 
the  total  operating  expenses,  while  the  average  on  eight  American  roads 
was  21. 6  per  cent.,  say  4  per  cent.  more.  This  apparently  should  be  much 
larger  when  we  consider  the  great  amount  of  perishable  materials  that 
enter  into  our  constriiction,  the  higher  wages  to  our  workmen,  and  our 
severe  winter  weather. 

Passenger  Cars. — Repairs  and  Renewals. 

The  cost  of  repairs  and  renewals  of  passenger  cars  is  about  the  same 
in  the  two  countries,  the  average  on   the  English  roads  for  1  000  jias- 
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senger  miles  being  $1.27,  and  on  the  American  SI. 34.  As  86  per 
cent,  of  the  travel  in  the  United  Kingdom  is  third  class— on  the  car- 
riages for  this  no  attempt  at  ornament,  finish  or  comfort  is  ever  made, 
they  being  generally  little  better  than  our  box  cars,  with  cheap  seats 
and  cushions— the  first  cost  and  repairs  should  be  very  small,  much  less 
than  on  ours.  This  will  make  the  repairs  and  renewals  of  the  first-class 
carriages  very  large,  probably  over  three  times  what  ours  cost.  This  is 
another  argument  in  favor  of  the  author's  previous  assertion,  that  first- 
class  travel,  as  now  conducted  on  the  English  railroads,  does  not  pay. 

Freight  Caks. — Kepaius  and  Eenewals. 

But  little  information  can  be  derived  from  this  comparison,  owing  to 
no  distinction  being  made  in  the  reports  of  the  tonnage  transported  in 
the  companies'  cars,  or  in  the  cars  of  firms,  or  cars  of  outside  comj^anies. 
This  makes  the  cost  of  repairs  and  renewals  appear  very  small  on  trunk 
lines,  and  greater  on  small  lines  that  run  their  own  cars.  As  over  90  per 
cent,  of  the  English  freight  cars  are  either  coal  or  open  flat  cars,  their 
cost  of  repairs  and  renewals  may.be  less  than  ours. 

Cost  of  General  Management. 

This  IS  about  the  same  in  both  countries,  varying  from  one  to  two  per 
cent.— averaging  two  per  cent,  of  the  total  operating  expenses. 

Cost  of  Motive  Power. 

The  author  was  very  much  astonished  at  the  motive  power  costing 
nearly  double  on  the  English  railroads  what  it  does  on  the  American, 
as  shown  by  Table  23.  He  expected  it  would  be  much  greater  on  the 
latter,  owing  to  their  inferior  construction  and  alignment.  In  fact  this 
comparison,  shoAving  the  cost  of  motive  power,  was  commenced  to 
show  the  American  engineer  the  economy  in  operating  railroads  with 
good  road  beds,  etc.,  such  as  the  English  have,  over  the  generally 
inferior  constructed  roads  of  the  United  States.  To  ascertain  if 
this  was  not  a  singular  coincidence  in  one  year's  business.  Table  No. 
26  was  constructed,  which  shows  on  five  of  the  principal  railroads  of 
each  country,  for  the  years  1882,  1883  and  1884,  the  average  annual  total 
operating  expenses,  cost  of  fuel,  cost  of  labor  on  motive  power,  and  the 
cost  of  repairs  and  renewals  of  locomotives. 


TABLE    No.    23. 
Analysis  of  the  Operating  Expenses  of  the  Principal  Railroads  in  the  United  Kingdom  and  United  States. 


MOTIVE        POWER. 


SAME  OF  RAILROAD. 


North  Eastern 

London  and  North  V 


London,  Obstham  a 


Uhited  Siat£6,  18M. 


Boston  and  Lowell.. 


New  York,  New  Haven  and  Hartford.. 


[.  Lake  Erie  and  Western, . 


Baltimore  and  Ohio.. 

Average,  10  Railroads-. 


6  T8S  877 
2  074  2ff3 
2  OSO  874 

1  363  119 

2  944  277 
4  828  34fl 

12  OflD  338 
17  BIO  313 
17  57G  lOG 

c  147  eea 


60 

eo 

on 

IKI 

nil 

60 

00 

00 

Opebatiko  Exfenbes. 


all  Fuel  CoHt 


2  153  220 
2  296  860 
1  S84  205 


Pebohntage  OS  Total 
Ophbating  Expenses, 


reduced  50 

them  with 
Eoglisb. 


Fuel  akd  Wages  of 

FiBKMEN  TO  Total 
Opekating  Espekses. 


Coal  of  2  240 


391  7S7 
116  698 


Labor,  wbich 


Operating  Expenses  oi 
Cost  of  Fcel.  ENorNE- 


All  Coal 
reduced  I 
$1.60  per  Ton 


Maintenance  c 


}  Renewals  Bepaibs 


fPassemgebCahs. 


'  Freight  Cars. 


$440  040 
865  388 
1 179  450 
693  960 
771  915 
415  980 
120  480 

68165 
653  705 
328  605 
491  665 

91765 
140  796 
264  890 


Expenses  of  Oenebal 
Dibeotors,  Clerks, 


Government  Ddtisb. 


67  927 
GO  920 


NAME  OF  RAILROAD. 


3  EiNODOM.  1683. 


Great  Nortlieni. 
North  EaaterD. 


J  North  Western. 


LuDdoD,  Chatham  and  Dover. 

Glaegow  and  South  Westers. 
,  North  British. 


Average,  14  Railroads. 

United  States,  l 

Boston  and  Albany. 
Boston  and  Lowell. 
Boston  and  Maine. 


New  Yorki  New  Haven  and  Hartford. 
New  York.  Lake  Erie  and  Western, 
New  Y'ork  Central  and  Hudson  River. 
Pennsylvania — Pennsjlwiia  Dinalon. 
Baltimore  and  Ohio. 

Average,  10  Bailroads. 


T.iBLE  No.  24. 

Analysis  of  the  Traflic  on  the  Principal  Eailroads  of  the  United  Kingdom  and  of  the  United  States. 


TRACKS,  EXCLUSIVE  OF  SIDINGS  AND  TDRN- 


United  Eixgdom,  1883. 

Greit  Northeni 

North  Eaetern 

Midland 

LoDdoD  and  Nortb  Westera 

Great  Eaalem 

LoDdoD  and  South  Western 

LoiidoD,  Chalham  aod  Dover 

Caledonian 

North  British 

London,  Brighton  and  SoulbCoaat 

Total  of  all  Railroads— United  Kingdom. , 

United  States,  1884. 

BoBtou  and  Albany 

BoGlon  and  Lowell 

BoetOQ  and  Maine 

Boston  and  Providence 

Old  Colony 

New  York,  New  Haven  and  Hartford 

New  York.  Lake  Erie  and  Weatern 

New  York  Central  and  Hudson  River 

Baltimore  and  Ohio 

PenDBjlvaDia  Railroad— 

Penneylvania  Divieion 

United  Railroads  of  New  Jersey  Dlv. . 


1631 
1381 
1793 
2  268 
lUO 


PA&8EN0EB  TBAFFIG. 


3  2X6  560 
2  883  122 
1440  281 


21  049  861 
Dollars. 


8  704  412 

4  979  943 
7  054  309 

6  482  707 

7  826  601 
7  582  213 

5  385  669 
1  057  939 


6  369  250 
4  797  252 
1  434  274 


Season  Ticke' 


44  386  800 
60  717  600 
83  131  800 


Passekgbb  Miijeage. 


167  402  441 
61  843  056 
1>9  687  6 
66  200  708 
116  746  9 
206  677  776 
169  609  245 
387  829  886 
69  336  167 

244  710  876 


272  642 
330  681 


FREIGHT  TRAFFIC. 


9  429  188 
30  760  125 
25  440  702 


1  537  B93 
902  708 
252  229 
1  880  054 
1  651  013 


614  600 

1  741  860 

2  440  919 
16  773  004 
16  434  983 


1  222  309  920 


1  794  946  519 


314  359 
1216  913 
927  973 


N.1ME  OF  RAILROAD. 


Freight 
ported. 


Uniteb  Kingdom,  : 


Great  Northern. 
North  Eafitem. 


don.  Brighton  and  South  Coast. 

>1  of  all  Railroads — United  Kingdom. 


Boston  and  Albany. 
Boston  and  Lowell. 
Boston  and  Maine. 

n  and  Providence. 

New  York,  New  Haven  and  Hartfor 
New  York,  Lake  Erie  and  Weetpru. 
New  York  Central  and  Hudson  Riv 


United  Railroads  of  New  Jersey  Div. 
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The  English  roads  were  selected  as  being  five  of  the  roads  doing  the 
heaviest  and  largest  traffic  in  the  United  Kingdom.  The  American  five 
roads  were  selected  from  the  Eastern  system  of  roads,  with  the  excejD- 
tion  of  the  New  York,  New  Haven  and  Hartford,  built  through  a  country 
more  broken  physically  than  that  in  which  the  English  roads  are  located. 

From  this  table,  it  appears  that  the  greater  cost  in  motive  power  of 
operating  the  English  over  the  American  railroads,  as  shown  by  Table 
23,  is  not  an  accidental  coincidence  of  one  year,  but  is  fnlly  sustained  by 
three  years' working  on  five  of  the  principal  railroads  in  each  country. 

Supposing  that  the  longer  ton  and  passenger  haulage  of  the  above 
American  lines  influenced  the  result  in  their  favor,  the  same  calculation 
on  the  same  basis,  except  the  taxes  are  included  in  operating  expenses, 
has  been  made  for  1884,  on  the  following  short  railroads  of  Massachu- 
setts, where  the  average  haulage  is  very  short. 

TABLE  No.  27. 


Percentage  on  Opeeating  Expenses,  all  Re- 
duced TO  the  Pbice  Paid  in  England. 


Name  of  Kaileoad. 

Coal. 

Wages. 

Repairs    and 
Renewals     of 
Locomotives. 

Total. 

Boston  and  Lowell 

Boston  and  Maine 

4.2 
4.0 
3.1 
3.3 

3.7 
3.3 
3.5 
3.7 

4.7 
4.2 
5,0 
3.6 

12.6 
11.5 

Boston  and  Providence 

Old  Colony 

11.6 
10.6 

Average 

3.6 

3.6 

4.4 

11.6 

The  results  of  the  workings  of  these  small  and  short  railroads  are  still 
more  favorable  to  the  American  system. 

As  an  additional  check  upon  the  cost  of  motive  power  on  the  American 
railroads.  Table  No.  28  was  compiled.  This  contains  an  analysis  of  the 
cost  of  motive  power  on  sixteen  of  the  i3rincii:)al  railroads  of  Massachu- 
setts for  the  years  1883  and  1884.  This  table  fully  confirms  the  previous 
deductions,  thoiigh  this  is  hardly  fair  to  the  American  railroads,  as  n^ost 
of  the  roads  in  this  table  operate  short  lines  and  do  small    business, 
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consequently  they  cannot  aftbrd  to  keep  up  an  efficient  staff  and  have 
such  thorough  management  as  the  large  railroads  of  America  or  Eng- 
land. Moreover,  as  their  consumption  is  small,  they  cannot  buy  their 
coal  and  other  supjilies  on  such  advantageous  terms  as  the  larger  con- 
sumers. 

Cost  per  Tkain  MiiiE. 

In  order  to  meet  the  views  of  those  accustomed  to  compare  the  cost 
of  train  miles,  Table  No.  29  was  made.  The  English  make  no  separate 
return  of  the  cost  of  motive  power  in  freight  and  jjassenger  traffic,  so,  for 
this  talile  it  was  necessary  to  add  the  two  together  and  take  the  aggre- 
gate train  mileage.  In  consequence  of  the  size  of  the  trains  varying- 
so  much  in  the  two  countries;  the  variation  between  different  roads  of 
the  i^roportion  between  j^assenger  and  freight  trains,  which  makes  a 
jjroportionate  variation  in  the  cost  of  operating;  and  the  absence  of  all 
official  data  from  the  English  roads  regarding  their  ton  and  passenger 
mileage;  these  deficiencies,  in  the  opinion  of  the  author,  make  this  table 
less  reliable  than  the  previous  ones,  where  the  cost  of  motive  power 
and  other  expenses  were  compared,  by  taking  their  jjercentage  to  the 
total  operating  expenses;  for  in  roads  constructed  in  similar  countries, 
the  different  items  of  oj^erating  exijenses  should  l)ear  a  close  projior- 
tionate  jiercentage  to  each  other. 

In  order  to  be  safe  beyond  all  question,  the  Massachusetts  railroads 
have  been  largely  used  for  comparison.  These  have  no  advantage  what- 
ever over  the  English  roads,  being  with  one  exception  all  short  lines 
Avith  short  haulage,  located  in  a  rough  and  broken  country.  In  every 
respect  they  are  more  unfavorably  situated  for  cheap  working  than  the 
average  of  the  English  roads.  Moreover,  the  Reports  of  the  Railroad 
Commissioners  of  Massachiisetts  are  as  reliable  as  those  of  the  English 
Board  of  Trade,  and  much  more  thorough  and  comijlete — these  give 
very  reliable  data  for  comj^arison. 

In  the  repairs  of  locomotives,  in  the  English  cost  there  has  been 
included  nothing  except  the  actiial  material  and  labor  iised  in  the 
repairs,  while  in  the  American  cost  is  included  superintendence,  cost 
and  repairs  of  tools,  shop,  etc.  This  would  make  the  difference  in  the 
cost  still  greater  if  these  items  were  added  to  the  English  cost. 

In  Table  No.  29,  after  reducing  the  cost  down  to  the  English  standard 
of  jjrices,  the  average  of  six  American  railroads  cost  in  motive  power 


TABLE    No.  28. 
Analysis  of  the  Cost  of  Motive  Po-nei-  on  Sixteen  of  the  Principal  Kailroads  of  Massachusetts  in  the  Years  1883  and  1884. 


Eastern,  1«83... 

"       average  

Boston  and  Providence,  1H83 

1884 

"  average  

01(1  Colony,  1883 

1884 

"        average 

Providence  and  Worcester,  1883 

1884 

"  average 

New  Haven  and  Northampton,  1883 

1884 

"  average... 

New  London  Northern ,  1883 

1884  

"  average 

New  York  and  New  England,  1883. 

1884 

average 

Cheshire,  1883  

"  IKHl .. 

averajio 

Connecticut  Kiver,  1883 

1884 .'.....'.' 

"  average 

Norwich  and  Worcester,  1883 

1884 '..'.'. 


Length  of  Total  Operating 

Road     '      Expenses, 
Operated.  I    exclusive  of 
Miles,     i         Taxes. 


Boston  and  Albany,  1883 

1884 

"  average    .. 

Fitchburg,  1883 

1884 

"        average 

Boston  and  Lowell,  1883 

1884 

"       average 

Boiton  and  Maine,  1883 

1884 


1884.... 
average . 


New  York,  New  Haven  and  Hartford,  188: 
A       "       ^  ,       "  "  18S4... 

Average  of  three  years,  1882,  1883  and  1884 


Average-16  Massachusf  tta  Railroads 

14  Eailroads of  United  Kingdom,  froni 
Table  '23.  ' 


4li8 
468 


121 
121 

'378 


$5  068  718 
5  263  027 
5  465  873 
2  045  547 

1  979  609 

2  012  578 
1  431  240 
1  961  252 
1  096  246 
1  955  496 
1  954  117 

1  954  807 

2  239  721 
2  235  325 

2  237  523 
1  220  149 
1  259  287 

1  239  718 

3  057  361 

2  744  914 

2  901  138 
793  959 
819  030 
806  495 
564  788 
541  613 
653  200 

462  904 
318  974 
390  939 

3  036  409 
2  810  610 
2  926  540 

454  656 
386  035 
420  596 
588  563 
668  224 
578  394 

463  420 
418  687 
436  054 
471  520 
444  320 
457  920 

4  205  160 
4  205  106 
4  205  166 

56  560  467 


Total 

Amount 

Paid. 


$795  383 
659  592 
727  488 
311  785 
296  577 
304  181 
198  069 
263  490 
230  780 
25-2  002 
234  517 
243  500 
294  056 
284  321 
2K9  189 
120  790 
120  488 
120  639 
310  405 
278  140 
294  303 
70  198 
75  143 
75  070 
08  663 
04  243 
66  453 
74  280 
54  092 
64  480 
475  197 
415  404 
445  330 
102  380 
98  960 
100  668 
92  222 

88  985 
90  604 
60  617 
48  689 
54  653 

89  099 
72  752 
80  926 

429  977 
429  977 
429  977 

7  237  919 


Price  per 

Ton  of 
2  240  lbs. 


$5.40 
4.40 
4.90 
5.09 
4.02 
4.86 
5.02 
4.78 
4.90 
4.94 
4.48 
4  71 
4.63 
4.46 
4.55 


4.76 
5.20 
4.47 
4.84 
5.59 
4.8.) 
5.22 
4.(0 
4.00 
4.30 
5.00 
4.20 
4.60 
3.69 
3.82 
3.71 
6.23 
6.08 
6.16 
6.(10 
5.68 
5.84 
4.80 
4.30 
4.55 
5.95 
5.16 
5.55 
4.34 
4.19 
4.27 


145  709 
148  200 


60  842 
63  845 


38  378 
43  020 


59  670 

60  477 


24  574 
26  222 


59  281 
62  013 


13  642 

15  520 


14  927 
16  001 


13  681 
11451 


132  292 
108  023 


9  822 
8  927 


13  651 
13  880 


12  599 
11234 


14  970 
14  094 


98  682 
102  654 


2  348 
2  480 


462 
518 


397 
18  203 


5  813 
4  880 


633 
339 


1  769 

2  338 


9  902 
11  025 


2  713 
2  672 


Total  Tons 
of  Coal,  IJ 

Cords 

of  Wood  = 

1  Ton  of 

Coal. 


Pebcentage  on 
Operating 

EXPiNSES. 


Amount 
Paid. 


Reduced 
to  $1.00 
per  Ton  of 
2  240  lbs. 


13.3 
15!! 

i'u'.h 
12. h 
ii'.d 
'9.'! 
ib'.i 

12.6 

23!9 
i5!7 
i2'6 

17)7 
16^2 

12.8 


WAGES  OF  ENGINE-DRIVERS 
AND  FIREMEN. 


Total 

Amount 

Paid. 


{414  643 
402  376 
408  610 
176  329 
184  964 
180  047 
115  563 
153  908 

134  760 
128  386 

135  419 
131  903 
166  284 
170  715 
108  499 

87  327 
95  132 
91  230 
215  874 
215  302 
215  588 
50  557 
55  459 
50  008 

32  635 
36  903 

34  769 
30  431 
20  352 

28  392 
233  481 
224  220 
228  851 

36  045 
31385 

33  715 
41846 
41  470 
41  658 

37  327 

35  544 

36  436 

29  700 
29  980 
29  840 

252  301 
252  301 
252  301 

4  146  209 


Pebcentage  on 
Operating 
Expenses. 


Amount 
Paid. 


Reduced 
60  %•  to 
Equalize 

with 
English 
Prices. 


3.7 

iis 

'3.9 
'3.4 
'3]7 
"3!7 
'3!  7 

s's 
"sio 

3.6 
'a.9 

i.b 
'3.6 

'4!2 
'3.3 

's.b 

3.7 
8.6 


REPAIRS  AND  RENEWALS  OF 
LOCOMOTIVES. 


Total 

Amount 

Paid. 


$434  726 
391  757 
413  242 
125  710 
133  792 
129  751 
90  183 
128  354 
109  269 
106  743 
116  698 
111  721 
202  854 
174  921 
188  888 
84  568 

82  674 

83  621 
194  193 
142  436 
168  315 

29  080 
59  204 
44  442 
47  717 
35  245 
41481 
69  329 
18  675 
44  002 

332  086 
331  141 
331  614 

27  367 

30  574 

28  970 
30  209 
33  906 
32  058 

29  425 
28  030 
28  728 
41432 

39  105 

40  209 
152  469 
152  489 
152  469 

3  897  672 


Pebcentage  on 
Operating 
Expenses. 


Amount 
Paid. 


Reduced 


25 


to 


Equalize 

Wages 

with 

English. 


6.9 

7.8 


Percentage  of  Cost  of 
Fuel,  Wages  of  Engine- 
drivers  and  Firemen, 
and  Repairs  and  Re- 
newals of  Locomotives 
on  Total  Operating 
Expenses. 


Amount 

Actually 

Paid. 


All  Reduced  1 

to  the      I 
English 
Standard  of  I 
Prices. 


34.4 

28.5 
27!  6 
33!6 

27.1 
23.6 


13.8 
U.3 
13.1 

ii!9 

li'.h 

u.i 
iiii 
io.o 
isli 

17^9 

i9!i 
ih'.i 

isle 
is!! 

'9!9 

13.3 
23.6 


1 J  cords  of  wood  calculated  to  equal  one  ton  of  coal. 
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SO. 021.  ov  14  per  t-eut.  loss  per  train  mile  than  the  average  cost  of  six 
English  railroads,  notwithstanding  that  th(>  average  load  of  the  Amer- 
ican train  -was  more  than  double  in  tons,  and  over  50  per  cent,  more  in 
passengers.  This  corresponds  very  closely  with  the  result  obtained  by 
calculating  upon  the  percentage  basis. 

The  Loudon  and  North  Western,  of  England,  and  the  Boston  and 
Albany,  of  the  United  States,  have  each  about  double  the  ton  mileage 
to  that  of  their  jjassenger  mileage,  consequently  they  offer  a  good  basis 
for  comi)arison.  The  motive  power  (the  prices  being  reduced  to  the 
English  rates)  costs  the  same  per  train  mile.  The  American  road,  how- 
ever, averaged  60  per  cent,  more  load  on  their  freight  trains,  and  more 
than  double  the  load  on  their  passenger  trains. 

The  Loudon  and  North  Western  Eailway  had  in  1883  a  total  pas- 
senger train  mileage  of  18  931  111.  Supposing  that  they  carried  the  same 
average  load  as  the  Boston  and  Albany  did  in  1884,  i.  e.,  85.9,  this  will 
give  a  total  passenger  mileage  of  18  931  111  X 85.9  =  1  626  182  435.  The 
total  receipts  from  all  classes  of  passengers  were  £3  355  142  ;  dividing 
the  total  passenger  mileage  as  above  into  this,  gives  .495d.  as  the 
average  fare  j^er  mile  i)aid  by  each  jmssenger,  tirst,  second  and  third- 
class  incbided. 

In  1883  the  London  and  North  Western  Eailway  ran  19  395  461 
freight  train  miles.  Supposing  that  they  transported  the  same  average 
load  as  the  Boston  and  Albany  did  in  1884,  i.  e.,  124.3  tons,  this  will 
give  a  total  ton  mileage  of  19  395  461x124.3  =  2  410  855  802  ;  dividing 
this  into  £6  299  081,  the  total  amount  received  from  freight  traffic, 
gives  .627d.  as  the  average  price  paid  per  ton  per  mile. 

These  equated  prices  are  less  than  one-half  of  the  actual  or  ruling 
prices.* 

The  Great  Eastern,  of  England,  and  the  Boston  and  Low-ell,  of  the 
L^nited  States,  also  ofl'er  a  good  basis  for  comparison,  as  each  have 
aboiit  equal  passenger  mileage  to  their  ton  mileage.  Reducing  all  to 
the  English  standard  of  prices,  the  Annn-ican  road  is  operated  at 
S0.026,  or  19  jier  cent,  less  cost  jjer  train  mile  than  the  English,  while 
the  freight  load  of  the  American  train  is  40  per  cent,  larger  and  the 
l)assenger  load  five  per  cent,  greater. 

*  The  present  freight  charge  by  the  London  and  North  Western  Eailway  from  Manchester 
to  Liverpool,  29  miles,  is  98.  2d.  or  $2.20  per  ton  of  2  240  pounds  for  goods  in  bales  and  cases, 
being  about  7.C  cents  per  ton  per  mile. 
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In  Tables  30  and  31,  this  method  of  calculation  has  been  carried  out 
more  fully.  In  these  tables  can  be  seen  at  a  glance  what  would  have 
been  the  average  receijits  from  each  ton  or  jjassenger  transported 
one  mile,  jirovided  the  train  load  had  l)een  the  same  as  that  carried  by 
the  American  railroad  with  which  it  is  compared.  To  facilitate  com- 
jjarison,  the  cost  of  motive  power  j)er  train  mile  has  been  transferred 
from  Table  No.  29. 

These  equated  prices  are,  without  exception,  much  too  Ioav,  averag- 
ing less  than  half  the  ruling  or  present  j)rices.  They  are  so  much  too 
small,  that  any  argument  based  ui)on  them  would  be  absurd. 

They  show  conclusively,  that  notwithstanding  the  average  train 
mile  costs  in  motive  power  less  on  the  American  railroads  than  on  the 
English,  yet  the  American  average  train  load  is  much  greater  both  in 
tonnage  and  passengers. 

In  order  to  make  the  comparison  still  more  comprehensive,TableNo. 
32  was  made.  In  this  all  the  railroads  of  Massachusetts,  32  in  number, 
embracing  2  852  miles  of  operated  lines,  are  compared  with  all  the  rail- 
roads of  England  and  Wales,  embracing  13  340  miles  of  operated  lines. 
Both  systems  for  the  years  1879  to  1884  inclusive,  or  for  six  years. 

For  want  of  time,  the  author  has  not  been  able  to  ascertain  officially 
from  each  railroad  included  in  Table  32,  the  exact  cost  of  coal  consumed. 
From  data  given  in  the  previous  tables  it  would  be  perfectly  safe,  in  his 
judgment,  to  estimate  the  cost  of  coal  consumed  on  the  Massachusetts 
railroads  at  three  times  the  price  per  ton  of  that  consumed  on  the 
English  and  Welsh  railroads;  but,  in  order  to  be  conservative,  he  has 
only  estimated  it  at  double  cost.  Nearly  all  the  coal  consumed  on  the 
Massachusetts  railroads  must  be  transported  over  200  miles  by  rail  or 
400  miles  by  water;  with  but  few  exceptions,  all  the  principal  railroads 
of  England  and  Wales  run  direct  into  the  coal  districts.  A  thorough 
calculation,  based  upon  the  actual  prices  i)aid  by  each  railroad,  would 
show  the  operating  expenses  of  the  Massachusetts  railroad  on  the  cost 
of  fuel  alone  to  lie  at  least  sixteen  per  cent.,  or  two  cents  less  per  train 
mile  than  those  shown  in  Table  No.  32. 

Table  No.  32  shows  that  the  average  load  of  jjassenger  trains  per 
passenger  train  mile  in  Massachusetts  in  1884,  was  67  passengers. 

In  England  and  Wales  in  1884,  the  total  passenger- train  mileage  was 
121  582  978  miles.  Supjiose  that  these  averaged  the  same  load  as  the 
Massachusetts  trains  did,  this  will  give  121  582  978  x  67  =  8  146  905  526 
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passenf^-er  miles.  The  total  receipts  in  1884  from  all  classes  of  passen- 
gers oil  the  railroads  of  Eiiglaiul  and  Wales  was  £22  217  095;  divid- 
ing this  by  their  total  passenger  mileage  gives  .655d.  as  the  average 
charge  i)er  mile  traveled  by  first,  second  and  third-class. 

In  England  and  "Wales  in  1881,  the  total  freight-train  mileage  was 
106  605  481.  Supposing  that  they  averaged  the  same  load  as  the  Mas- 
sachusetts trains  did,  i.  e.,  109  tons,  this  gives  106  605  484x109  = 
11  619  997  756  total  ton  mileage.  The  total  receipts  from  freight  in 
1884  by  the  English  and  Welsh  railroads  was  £31  973  111;  dividing  this 
by  tlie  total  ton  mileage  gives  .660d.  as  the  average  charge  per  ton  per 
mile. 

These  equated  charges,  when  taken  together  for  freight  and  i^assen- 
ger  traflSc,  are  so  much  below  the  real  prices,  Ijeing  less  than  half,  that 
no  arguments  can  be  based  upon  them. 

Even  supposing  the  average  train-loads  to  be  equal  in  both  countries, 
still  the  motive  power  on  the  English  and  Welsh  railroads  costs,  on  the 
average,  twenty-five  per  cent,  more  than  on  the  Massachusetts  railroads 
per  train  mile,  as  shown  by  Table  No.  32,  notwithstanding  the  under- 
estimate of  the  cost  of  coal  consumed. 

Locomotive  Mileage. 

The  locomotive  with  compound  engines,  as  perfected  by  Mr.  F. 
W.  Wel)1),  has  given  very  satisfactory  results,  and  is  being  largely  intro- 
duced on  the  London  and  North  Western  Railway. 

Mr.  Webb  kindly  furnished  the  author  with  the  data  given  in  Table 
No.  33. 

"As  regards  the  loads-  hauled,  we  may  mention  that  the  average 
train  taken  between  Crewe  and  Eustoii  l\v  the  '  Dreadnought '  class,  con- 
sists of  twelve  vehicles.  On  the  19th  of  March  last,  the  '  Dreadnought ' 
worked  the  10  a.  m.  Scotch  express  from  Euston  to  Carlisle,  a  continu- 
ous run  of  300i  miles,  with  an  average  load,  including  engine  and 
tender,  of  207  tons.  On  this  journey  the  consumption  of  fuel  averaged 
29.2  pounds  per  mile,  and  the  evaporation  of  water  was  9.49  poimds 
per  jiound  of  coal.  The  train  arrived  at  Rugby  two  minutes  before 
time,  left  four  minutes  late,  and  arrived  at  Carlisle  four  minutes  l:)efore 
time,  the  Shap  incline — 5J  miles  of  1  in  75— being  mounted  in  ten  min- 
utes, and  the  average  running  speed  over  the  whole  trip  being  44.7 
miles  per  hour.  Neither  the  smoke-box  or  ash-pan  was  cleared  out 
during  the  iourney,  nor  was  the  fire  cleaned.  The  engine  steamed 
freely  throughout  the  run,  and  the  weight  of  ashes  in  the  smoke  Ijox  on 
the  arrival  at  Carlisle  was  40i  i)ounds,  and  in  the  ash-i)an  59^^  pounds. 
These  ai-e  certainly  most  admirable  results. 

"On  March  27th  last,  also,  engine  No.  504,   'Thunderer,'  worked 
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TABLE    No.  33. 

Statement  showing  the  Mileage  of  the  various  ComiJound  Engines  on  the  Loudon  and  North  Western  Railway,  from  the 
Date  of  commencing  Regular  Work,  to  March  31st,  1885,  including  also  the  Number  of  Days  Avorking,  and  the  Aver- 
age Miles  per  Day. 


numbee  of 
Engines. 


66 
300 
301 
302 
303 
305 
306 
307 
310 
311 
315 
321 
323 
333 
353 
363 
365 
366 
372 
374 
503 
601 
508 
519 
520 
1102 
1104 
1111 
1113 
1115 
1116 
1117 
1120 
2063 


Name. 


Experiment 

Compound 

Economist 

Velocipede 

Hydra 

Trentham 

Knowsley 

Victor  

Sarmatian 

R.  F.  Roberts  ... 

Alaska 

Servia  

Britannic 

Germanic 

Oregon 

Aurania 

America 

City  of  Chicago. 

lEmpress 

'Emperor 

Dreadnought 

Thunderer 

Titan. 

Shooting  Star. 

Exjiress 

Cyclops 

Sunbeam. 

Messenger. 

Hecafe  . 

Snake. 

Friar 

Penguin 

Apollo 


Regular  Woektng. 


Date  Commenced. 


Aprils,  1882 

May  2,  1883 

May  15,  1883 

May  25,  1883 

June  1,  1883 , 

August  8,  1883 

August  16,  1883 

August  22,  1883 

April  28,  1884 

March  28,  1884 

March  31,  1884 

April  1,  1884 

April?,  1884 , 

Aprils,  1884 

April  13, 1884 

April  15, 1884 

April21,1884 

April  23, 1884 

Octobers,  1884 

September  10,  1884 
September  29.  1884 

March  20,  1885 

November  7,  1884.. 

August  29,  1883 

August  29,  1883 

•July  17,  1884 

July  23,  1884 

August  11,  1884.... 

August  7,  1884 

August  14,  1884 

August  14,  1884.... 
August  21,  1884   . . . 

July  10,  1884 

May  13,  1884 


Mileage. 


174  908 
96  132 
93  875 

89  715 

90  739 

83  512 

84  104 

85  548 
60  594 

53  016 

54  603 

52  880 
44  049 

53  026 

54  590 
47  225 
49  127 
47  243 
25  920 
29  767 
17  165 

1  350 
19  484 
76  504 

86  803 
32  733 

36  718 
31657 

32  625 
27  818 

33  625 
32  212 

37  148 
36  226 


Working  Days. 


Number  of 
Days. 


616 

321 
312 
316 
308 
286 
311 
313 
248 
188 
314 
299 
254 
295 
291 
261 
275 
229 
106 
152 

59 
8 

63 
324 
314 
183 
157 
174 
164 
146 
144 
170 
178 
218 


Average  Miles 
per  Day. 


Number  of  Days,  Sundays 
excepted,  from  Commence- 
ment of  Regular  Work,  to 
March  31st,  1885. 
(313  days  =  1  year.) 


284 
299 
301 
284 
294 
292 
270 
273 
244 
282 
174 
177 
173 
179 
177 
181 
179 
206 
244 
195 
291 
168 
309 
236 
276 
179 
234 
182 
199 
190 
234 
189 
209 
166 


7  998 


234 


Number  of  Average  Miles 
Days.      per  Day. 


937 
599 
588 
579 
573 
515 
508 
503 
289 
315 
313 
312 
307 
309 
302 
300 
295 
293 
149 
173 
157 
9 
123 
497 
497 
220 
215 
199 
202 
196 
196 
190 
226 
276 


11362 


18G 
160 
158 
155 
158 
162 
166 
170 
209 
169 
174 
169 
143 
171 
181 
157 
167 
161 
174 
170 
109 
150 
158 
154 
175 
149 
170 
16IJ 
161 
142 
172 
170 
104 
131 


165 
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the  5:5  p.  m.  passenger  train  from  Liverpool  to  Enstou  between  Liver- 
pool anil  Crewe,  the  load  i-onsisting  of  eighteen  vehicles  ■weighing  227 
tons  15  hnnilred  weight,  or,  including  the  engine  and  tender,  a  total 
load  of  292  tons  15  hundred-weight.  The  journey  from  Edge  Hill  to 
Crewe,  a  distance  of  34j  miles,  was  run  in  forty-iive  minutes,  giving  a 
.si:)eed  of  43.4  miles  per  hour,  the  engine  steaming  freely  throughout 
the  trip." 

On  June  30th,  1885,  the  preceding  mileage  had  been  increased  to 
2  226  112  miles,  with  an  average  consumption  of  coal  per  mile  run  of 
29.01  pounds,  of  which  1.02  pounds  was  consumed  in  starting  the  fires, 
leaving  27.99  pounds  average  consumption  of  coal  per  engine  mile. 

The  pret-ediug  is  a  remarkably  good  showing,  both  for  high  average 
daily  mileage  di;ring  actual  running  days,  and  for  small  consumjjtion 
of  coal. 

Mr.  T.  N.  Ely,  M.  Am.  Soc .  C.  E. ,  General  Superintendent  of  Motive 
Power  of  the  Pennsylvania  Railroad,  sends  the  anthor  the  average  loco- 
motive mileages  given  in  Table  No.  34. 

TABLE  No.  34. 

Statement  showing  Total  Mileage  of  48  Standard  Passenger  Locomo- 
tives during  the  Years  1882,  1883  and  1884,  on  Pennsylvania  Eail- 
road  Division. 


Mileage. 

Mileage. 

Mileage. 

Mileage. 

230  637 

151  606 

132  234 

112  823 

220  134 

150  057 

129  806 

109  796 

220  120 

148  831 

128  746 

109  516 

203  916 

148  008 

127  387 

109  344 

184  805 

147  009 

123  917 

108  879 

173  850 

146  317 

120  567 

107  820 

171  979 

145  852 

119  155 

106  843 

170  321 

141  126 

116  747 

106  749 

163  052 

140  746 

115  479 

105  903 

156  241 

136  905 

115  443 

105  588 

152  446 

136  850 

114  208 

105  188 

152  014 

135  989 

113  614 

104  661 

Total  mileage  of  48  locomotives,  3  years 6  679  224 

Average  "  "  "     139  151 

"  "  "  per  year 46  384 

Daily  average  (313  days  =  1  year)  131  miles. 
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The  separate  mileages  of  these  locomotive  are  verv  astonishing^ 
averaging  in  three  years  for  six  days  in  the  week  as  follows  : 

First  on  the  above  list 251  miles  daily. 

Second  on  the  above  list 240  ' ' 

Third  on  the  above  list 240 

First  ten  on  the  above  list 202  ' ' 

Under  a  recent  date,  Mr.  Ely  writes  as  follows  to  the  author  : 

"  As  a  matter  of  information  bearing  upon  the  durability  of  con- 
struction of  American  locomotives,  locomotive  No.  1047,  class  'O,' 
18  X  24,  Avitli  63"  drivers,  using  bituminous  coal,  running  with  jjas- 
senger  trains  on  the  Pittsburgh  Division,  ran  a  total  of  41 510  miles  in 
three  consecutive  mouths  last.  There  are  many  other  locomotives  on 
this  road  that  have  made  very  large  mileages,  biit  this  is  the  greatest, 
for  so  short  a  period  of  time." 

This  average  for  ninety  days  of  461  miles  daily,  speaks  well  for  the 
American  engine,  and  also  for  workmanship  at  the  Pennsylvania  Rail- 
road shop  at  Altoona. 

The  following  statement  has  been  furnished  to  the  author  by  Mr.  W. 
W.  Evans,  M.  Am.  Soc.  C.  E. 

(Statistics  given  to  W.  W.  Evans  l)y  Wm.  Buchanan,  Chief  Engineer  of 

Motive  Power.) 

Statement  of  Five  Years'  Service  of  Locomotives  No.  10,  No.  33  and 
No.  34,  on  the  Hudson  River  Division,  New  York  Central  and 
Hudson  River  Railroad.  These  engines  were  new  when  they 
commenced  running,  and  have  been  used  only  on  through  pas- 
senger trains. 

Cylinders,  17 "  X  24" ;  driving  wheels,  69" ;  lire-boxes  of  steel,  flues  of 
semi-steel;  weight  in  running  order,  70  500  pounds;  weight  on  driving 
wheels,  44  850  pounds;  average  sjieed,  38  miles  per  hour;  date,  from 
September  30th,  1877,  to  September  30th,  1882, 

Average  trains  consist  of 

2  Baggage  and  mail  cars,  loaded 52  gross  tons 

2  Drawing-room  or  sleeping  cars,  loaded 64  " 

5  First-class  passenger  cars,  loaded 125  " 

1  Engine 31  Tons 

1  Tender,  half-loaded 22     " 

53 

Total  train 294   gross  tons 
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TABLE   No.  35. 


Locomotive 

LOCOMOTn-E 

Locomotive 

AVER-VGE  OF 

No.  10. 
415  790 

No.  33. 

No.  34. 

ALL   THREE. 

Total  mileage  in  five  years 

440  654 

392  043 

416  162 

Number  of  days  in  service 

1495 

1  565 

1430 

1  496 

306 

59 

7  047.50 

242 

58 
7  597.50 

397 

57 

6  878 

315 

58 

Average  miles  run  per  month 

7  174.27 

Average  miles  run  each  service  day 

278.12 

281.57 

274.15 

277 

Average  miles  run  per  year 

83  158 

88  131 

78  409 

83  233 

Gallons  of  oil  used 

2  882 

3  337 

3  027 

3  082 

Average  miles  run  per  gallon 

144.27 

132.05 

129.51 

135.27 

Total  cost  for  oil 

$1  182 

240 

$1368 
232 

$1241 
230 

$1264 

waste 

234 

"            "       labor  on  engine 

4  06r>.64 

4  480.24 

4  343.90 

4  296.93 

'•           "             "         tender.... 

285.94 

447.86 

380.07 

371.29 

"            "         materials  E.&T.. 

3  218.58 

4  167.39 

3  621.24 

3  669.07 

Averagecost  of  labor  and  materials 

used  in  repairs  per  mile  run,  in 

h%% 

aA'J! 

2^3^ 

2 

The  following  data  lias  been  kindly  furnislied  by  Mr.  AV alter  Katte, 
M.  Am.  Soe.  C.  E.,  Chief  Engineer  of  the  New  York,  West  Shore  and 
Bnti'alo  Eailwav, 

"  In  relation  to  the  comparative  speed  of  both  ordinary  and  extra- 
ordinary (or  special)  trains  now  attained  and  in  ordinary  use  on  first- 
class  American  railways,  I  beg  to  offer  the  following  memoranda  of  what 
is  now  being  done  on  the  New  York,  West  Shore  and  Buffalo  Railway, 
•which  exhibits  the  details  of  an  extraordinary  fast  run  made  on  July 
9th,  1885,  by  a  special  train  between  Buft'alo  and  Weehawken,  a  distance 
of  422.6  miles. 

"This  train  consisted  of  a  locomotive,  one  baggage  car  and  two.- 
official  cars,  weighing  in  total  between  155  and  156  tons,  as  follows  : 

Make-up  and  weight  of  train,  exclusive  of  engine — 

Tender  with  two-third  load  of  coal  and  water. ...   62  800   pounds 

Baggage  car.  West  Shore,  No.  737 46  030 

Official  car.  West  Shore,  No.  90 61  200 

Official  car,  Baltimore  and  Ohio,  No.  711 46  430       " 

Total 216  460      " 

Add  for  total  weight  of  train — 

On  Buffalo  Division,  West  End,  Engine  No.  45, 

Class  B  (bituminous),  94  500  pounds.    Total. .     310  960  pounds 
Equal  to  about 155  tons 
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On  Buffalo  Division,  East  End,  Engine  No.   50, 

Class  B,  94  500  pounds.     Total 310  960  pounds 

Equal  to  about 155  tons 

On  Hudson  Kiver  Division,  West  End,  Engine 

No  27,  Class  A  (anthracite),  96  000  pounds. 

Total 312  460  pounds 

Equal  to  about ...    156  tons 

On  Hudson  River  Division,  East  End,  Engine 

No.  36,  Class  B,  94  500  pounds.    Total 310  960  pounds 

Equal  to  about 155  tons 

"  The  train  (see  Table  36)  started  from  East  Buffalo  at  10:04  a.m.,  and 
reached  Weehawken  at  7:27  p.m.,  or  9  hours  23  minutes  on  the  trij), 
making  19  stojis  consuming  2  hours,  reducing  the  actual  running  time 
to  7  hours  23  minutes,  or  a  general  average  of  about  56  miles  per  hour 
running  time.  This  train  attained  a  speed  of  87  miles  per  lioiir  be- 
tween Churchville  and  Genesee  Junction,  on  the  west  end  of  the  Buffalo 
Division;  and  at  several  other  jalaces  attained  speeds  from  70  to  80  miles 
j)er  hour. 

"It  is  interesting  to  state  the  fact  that  this  train  was  run  without  any 
preconcerted  effort  or  preparation  for  it.  It  was  run  by  four  different 
engines,  which  were  called  on  to  take  this  '  special '  just  as  they  stood 
in  their  respective  yards  waiting  to  take  their  '  regular '  trains.  Nor 
were  the  enginemen  informed  beforehand  that  they  were  expected  to 
make  more  than  ordinary  sj)eed;  they  were  simply  told  to  see  how  fast 
they  could  run  after  getting  started.  The  train  was  run  subject  to  all 
the  exigencies  and  privileges  of  the  regular  trains  on  the  line,  none  of 
which  were  obstructed  or  interfered  with.  The  several  engines,  when 
through  with  their  runs,  did  not  show  the  slightest  signs  of  having  made 
any  extra  effort,  and  were  in  perfect  condition  to  turn  right  round  and 
make  their  runs  back  again,  if  it  had  been  desired;  neither  was  the  steam 
pressure  greater,  nor  the  amount  of  fuel  consumed  greater  than  allow- 
able or  out  of  proportion  to  the  speed  attained. 

"  Table  No.  37  gives  the  time  of  nineteen  regular  passenger  trains, 
running  on  the  present  summer  schedule,  between  "Weehawken  and 
Buffalo,  Syracuse,  Schenectady,  Albany  and  Kingston,  which  shows 
their  average  speeds  to  be  from  28  to  37  miles  per  hour,  including  stoijs, 
and  from  33  to  50  miles  i^er  hour  excluding  stops — on  regular  schedule 
time.  When  making  wp  'lost  time,'  it  is  not  uncommon  for  these  trains 
to  be  run  at  speeds  fully  up  to  60  miles  per  hour  between  stations. 
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"  The  character  of  the  engines  doing  this  service,  with  data  of  their 
dimensions,  weights,  etc.,  is  as  follows: 

General  dimensions,  weights,    etc.,    of  locomotives.  Class  A  (anthra- 
cite) and  B  (bituminous) : 
Cylinders — 

Diameter  and  stroke 18  x  24    inches 

Ports— length 16       " 

Steam  port — width 1^     " 

Exhaust  port— width 3i     " 

Yalves  :  Allen  Richardson — 

Travel  (maximum)  5?     " 

Outside  lap 1       " 

Inside  lap ^g-       " 

Lead  in  full  gear ^V       " 

Exhaust  nozzles  :   high  double — 

Diameter 3i     " 

Height  from  base  of  stack 18        " 

Boiler  pressure  per  square  inch 140  pounds 

Smoke-stack — Height  above  rail 14  ft.    5i  inches 

Diameter  at  top 20y     " 

Diameter  at  base 18       " 

Smallest  internal  diameter 15       " 

Engine  and  tender  truck  wheels:  Allen  jjaper. 

Capacity  of  tender — 

('oal 15,000  pounds 

Water 3,000  gallons 

Boiler — 

Diameter  of  smallest  ring 55  inches 

Length  of  barrel 10  ft.  11     " 

Tubes- 
Number  188 

External  diameter 2  inches 

Length  between  sheets 10  ft.  10|     " 

Area  through ...    3. 17  square  feet 
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Heating  surface — 

Tubes 1,084  square  feet 

Fire-box 128  " 


Total 1,212 

rirebox — 

Class  A.  Class  B. 

Length  outside 10  ft.,  9  inches  6  ft.,  7  inches- 

Width  outside 48      "  41t      " 

Depth  inside  front 49^    "  74|      " 

Size  of  grate 1201  x  40^    "  70f  x  34^   " 

Grate  area 34  square  feet  17  square  feet 

Weight  of  engine  in  working  order 96,000  pounds  94,500  pounds- 


on  truck 32,000 

"        on  drivers 64,000 

tender  loaded 76,000 

"  "       empty 36,400 

Maximum  weight,  engine  and  tender..  172,000 
Average  ".  "  "         "     ..  154,000 


32,000 
62,500 
76,000 
36,400 
170,500 
154,000 


' '  Their  trains  vary  from  four  to  twelve  cars,  and  often  have  on  one 
train  three  baggage  and  express  cars,  and  three  or  four  Pullman  parlor 
and  sleeping  cars. 

TABLE  No.  38. 
Physical  Chakacteristics  of  West  Shore  Koad. 


Elements. 

Buffalo  Division. 

Hudson  River 
Division. 

Entibe 

West  End. 

East  End. 

West  End. 

East  End. 

Peofile. 
Level ) 

Up       grade  (going  East)  {  Percentages. 
Down      "          "          "     ) 
Up       grade  (going  East) )  Average  feet 
Down      "          "          "     3      per  mile.. 

Alignment. 

Cu^fes"'":}^---^^^- 

Curvature,  average,  degrees 

(   16.93 
I   45.59 
(   37.48 
(   16.25 
(   18.75 

(   82.52 
(   17.48 
1°  20'  57" 

27.03 
37.50 
35.47 
15.88 
18.49 

83.44 
•    16.56 
l-"46'  11" 

29.94 
29.59 
40.47 
16.36 
17.66 

73.85 

26.15 

2°  04'  40" 

42.18 
30.41 
27.41 
16.96 

22.77 

84.26 

15.74 

1°  48'  17" 

30.18 
35.62 
34.20 
16.32 
19.51 

82.06 

17.94 

1°  46'  34" 
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"It  Avill  be  seeuby  iuspectiug  the  above  table  of  the  physical  charac- 
teristics of  the  road,  that  it  is  -uuiisixally  (for  the  ^Eastern  States)  favor- 
able for  making  fast  time  with  small  eflbrt,  its  grades  over  the  eutire 
line  averaging  only  16^  feet  per  mile  rising  east,  and  19.5  feet  per  mile 
going  west,  Avhile  the  percentage  of  grade  to  level  line  is  70  per  cent, 
of  gradients  to  30  per  cent,  of  level — the  upward  and  downward  gradients 
being  about  equal,  or  35  per  cent,  each;  so  that  a  train  running  in  either 
direction  always  has  the  advantage  of  30  per  cent,  of  level  and  35  per 
cent,  of  down  grades  in  its  favor. 

"  The  jjercentage  of  straight  line  to  curves  is  also  remarkably  high, 
being  82  per  cent,  straight  to  18  per  cent,  curve.  The  average  degree 
of  curvature  over  the  eutu-e  line  is  about  Ij  degrees,  the  standard  maxi- 
mum permanent  curvature  being  4  degrees. 

"The  road  bed  and  bridges  are  of  thoroughly  first-class  character; 
the  track  is  double  and  laid  on  the  break- joint-system,  with  67  i^ound 
steel  rails  on  cross-ties  averaging  2  800  to  the  mile;  the  joints  are  made 
with  rolled-iron  double  '  angle  splice  '  bars,  weighing  44  pounds  per 
pair,  and  are  36  inches  in  length,  with  three  cross-ties  under  the  joints 
covering  the  whole  length  of  the  sijlice  bars;  the  track  is  well  ballasted 
throughout,  generally  with  good  gravel,  with  a  considerable  projjortion 
of  machine-crushed  stone  ballast." 

Endurance  of  Locomotives. 

In  order  to  compare  the  endurance  of  the  locomotives  of  the  two 
countries.  Table  No.  39  was  constructed.  For  the  English  railroads  the 
data  were  taken  from  the  Board  of  Trade  Reports;  for  the  American, 
from  the  Reports  of  the  Railroad  Commissioners  of  Massachusetts,  Ee- 
jjorts  of  the  Companies  and  Poor's  Manual. 

For  tlie  English  railroads  the  average  mileage  is  very  uniform,  being 
from  60  to  70  miles  daily  for  313  days  in  the  year. 

The  American  railroads  do  not  show  such  uniform  results,  the  mile- 
age being  on  the  smaller  Massachusetts  railroads  about  60  miles;  on 
the  Pennsylvania  and  New  York  Central,  80  miles;  and  on  the  New 
York-,  New  Haven  and  Hartford,  96  miles.  The  last  is  a  remarkable 
record  of  locomotive  endurance  or  diirability,  esjiecially  as  it  was  the 
same  for  the  two  previous  years. 
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TABLE  No.  39. 

Showing  the  Average  Annual  Eevenue  Mileage  made  by  all  the  Loco- 
motives in  1884  on  all  the  Principal  Kailroads  of  the  United  King- 
dom and  some  of  the  Principal  Railroads  of  the  United  States. 


Name  of  Eailroad. 

Total 

NuMBEE  or 

Locomotives. 

Mileage. 

Total. 

Average. 

United  Kingdom. 

655 

789 

1577 

2  476 

501 

410 

180 

1697 

1470 

690 

585 

127 

163 

14  053  700 
16  978  030 
30  457  257 
38  184  328 

1 1  183  874 
8  136  077 
3  889  988 

33  261  729 
23  873  903 

12  489  848 
11  676  275 

2  636  570 
2  913  669 

21  458 

21498 

19  314 

15  422 

22  323 

19  844 

London.  Chatham  and  Dover 

Midland 

21611 
19  600 

North  Eastern 

16  241 

18  101 

North  British 

19  9.')8 

Great  Northern  of  Ireland 

20  760 

17  874 

11320 

209  735  248 

20  791  778 
8  408  926 
2  353  131 

11  405  777 

16  452  835 

17  092  582 
4  960  185 
1  986  319 
1  915  812 

1  829  573 

2  142  225 
973  646 

2  350  058 

2  428  954 

3  827  685 

18  528 

United  States. 
Pennsylvania: 

815 
335 
110 
603 
657 
805 
243 
100 
147 

92 
115 

57 
147 
125 
128 

25  511 

United  Railroads  of  New  Jersey  Division 

25  101 
21  .392 

18  915 

25  043 

21  233 

20  407 

Fitchburg 

19  863 
13  028 

Boston  and  Maine 

Eastern 

19  887 
18  628 
17  081 

15  986 

Old  Colony 

19  432 

New  York,  New  Haven  and  Hartford •. 

29  904 

Totals  and  Average 

4  479 

98  918  986 

22  085 

Locomotive  Earnings. 

In  order  to  ascertain  the  money-earning  qualities  of  the  locomotives  of 
each  country,  Table  No.  40  was  constructed,  in  which  fourteen  railroads, 
embracing  all  the  principal  roads  of  the  United  Kingdom,  are  compared 
with  an  equal  number  of  American  roads. 
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TABLE  No.  40. 

Showing  the  Average  Annual   Earnings  of   Locomotives   on   Different 
Railroads  in  1883. 


Total 

Number 
Locomotives. 

Earnings  from  Traffic. 

N.vMK  OF  Railroad. 

Total. 

Average 

per 

Locomotive. 

United  Kingdom. 

615 
733 

1  577 

2  451 
471 
410 
168 

1  629 
1462 
325 
690 
573 
290 
160 

£3  279  354 
3  522  035 
7  817  742 

10  362  520 
2  797  550 
2  114  879 
1  095  317 
7  363  217 
6  699  891 

1  949  391 

2  923  890 
2  611  803 
1  111  796 

753  396 

£5  330 

4  805 

4  957 

4  228 

5  940 

5  158 

6  520 

Midland 

4  520 

4  583 

6  000 

4  237 

North  British 

4  558 

3  834 

4  709 

11554 

£54  402  781 

£4  709 

United  States. 

795 

330 

110 

785 

655 

244 

98 

77 

89 

109 

53 

151 

120 

122 

$32  017  813 
14  408  540 
4  108  843 
22  040  595 
29  359  745 
8  103  957 
2  825  024 
2  102  887 

2  915  944 

3  417  267 
1  646  962 

3  376  311 

4  158  977 
6  650  549 

$40  273 
43  662 
37  353 

Do.             United  Railroads  of  New  Jersey. . 
Do.             Philadelphia  and  Erie 

New  Yoi'k,  Lake  Erie  and  Western 

28  077 

New  York  Central  and  Hudson  Kiver 

44  824 

Boston  and  Albany 

33  213 

28  827 

Boston  and  Lowell 

27  310 
32  763 

Eastern 

31  351 

Boston  and  Providence 

31  075 

Old  Colony 

22  360 
34  658 

54  513 

3  738 

$137  133  414 

$36  686 

Notwithstanding  that  the  average  charges,  both  for  passengers  and 
freight,  are  much  lower  in  the  L'nited  States  than  in  the  United  King- 
dom, the  average  earnings  of  the  locomotives  on  the  above  fourteen  Am- 
erican railroads  are  55  per  cent,  greater  than  the  average  of  the  fourteen 
roads  of  the  latter  country  as  named  above.  This  speaks  well  for  the 
money-making  quality  of  the  American  locomotive,  as  well  as  for  its 
durability. 

The  London  and  North  Western  Railway  has  about  the  same  amount 
of  traflBc-earnings  as  the  three  divisions  of  the  Pennsylvania  Railroad 
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named  (the  other  divisions  have  been  excluded,  as  being  in  the  level 
Western  States),  yet  the  latter  company  only  has  about  half  the  number 
of  locomotives,  notwithstanding  this  road  has  very  heavy  grades,  and 
with  one  summit  2  154  feet  above  the  sea. 

Relation  between  Tkain  Load  and  Chaeges. 

Table  No.  41,  compiled  from  the  Eeports  of  the  New  York  Central 
and  Hudson  River  Railroad,  shows  the  cost  of  transporting  a  ton  of 
freight  for  14  years — from  1870  to  1883,  inclusive— and  also  the  average 
load  of  Ireight  trains  for  each  year.  It  will  be  noticed  that  the  average 
earnings  or  charges  per  ton  per  mile  have  decreased  one-half,  and  the 
average  loads  of  freight  trains  have  doubled  within  the  14  years. 

TABLE  No.  41. 

Freight  Earnings,  Expenses  and  Profit  j^er  Ton-mile,  and  per  Train-mile, 
and  average  Train-load. 


Average 

Earnings 

Expenses 

Profit 

Earnings 

Expenses 

Profit  per 

number 

Yeab  Ending 

per   ton- 

per  ton- 

per  ton- 

per  train - 

per  train- 

train-mile 

of  tims  of 

Septembee  30th. 

mile  on 

mile  on 

mile  on 

mile  on 

mile  on 

on 

freight  in 

freight. 

Ireight. 

freight. 

freight. 

freight. 

freight. 

train- 
load. 

Cents. 

[Cents. 

Cents. 

1870 

1.88 

1.15 

0.73 

$1.95 

$1.19 

$0.76 

103 

1871 

1.62 
1.59 

1.01 
1.12 

0.61 
0.47 

2.07 
2.05 

1.28 
1.45 

0.79 
0.60 

127 

1872 

129 

1873 

1.57 
1.46 
1.27 
1.05 
1.01 

1.02 
0.98 
0.90 
0.71 
0.69 

0.55 
0.48 
0.37 
0.34 
0.32 

2.02 
2.03 
2.11 
1.89 
1.68 

1.32 
1.37 
1.49 
1.28 
1.15 

0.70 
0.66 
0.62 
0.61 
0.53 

129 

1874 

139 

1875 

166 

1876 

180 

1877 

166 

1878 

0.93 

0.59 

0.34 

1.71 

1.10 

0.61 

18a 

1879 

0.78 

0.54 

0.24 

1.52 

1.05 

0.47 

191 

1880 

0.87 

0.54 

0.33 

1.92 

1.18 

0.74 

218 

1881 

0.78 

0.56 

0.22 

1.70 

1.23 

0.47 

21T 

1882 

0.73 
0.91 

0.60 
0.68 

0.13 
0.23 

1.62 
1.82 

1.31 
1.37 

0.31 
0.45 

219 

1883 

199 

A  similarly  constructed  table  for  the  Pennsylvania  Railroad  shows 
that,  within  the  last  20  years,  the  average  freight  charges  have  been  re- 
duced two-thirds,  while  the  average  load  of  freight  trains  has  been 
more  than  doubled. 

The  workings  of  other  American  railroads  also  show  the  great  econo- 
my in  running  heavy  freight  trains. 

The  English  roads,  on   account  of  their  good  alignment  and  easy 
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grades,  ought  to  be  able  to  run  heavier  freight  trains  than  the  American, 
with  proportionate  saving  in  cost;  this  would  enable  them  to  reduce 
their  charges,  or  pay  larger  dividends. 

Other  causes  have  contributed  to  this  reduction  in  the  cost  of  trans- 
portation, besides  the  increased  load  of  freight  trains;  this,  however, 
must  have  great  influence  on  the  result,  as  now  one  engine  and  one  set 
of  men  do  more  work  than  two  engines  and  two  sets  of  men  did  formerly. 

The  author  has  been  desirous  to  compare  impartially  and  closely  the 
operating  expenses  of  the  railroads  of  the  United  Kingdom  and  those  of 
the  United  States — the  result  of  comijaring  the  cost  of  motive  power  on 
the  two  systems  has  been  as  great  a  surprise  to  him  as  it  will  be  to  any 
one. 

At  the  very  outset  he  was  met  with  the  apparently  insurmountable  ob- 
stacle that  the  English  do  not  keep  any  accounts  showing  the  passenger  or 
ton  mileage,  which  is  so  necessary  for  comparing  operating  expenses. 
After  diligent  investigation  and  research,  he  made  his  rules  for  estimat- 
ing and  supi^lying  this  deficiency  (see  page  16).  Of  course  these  are  only 
his  views  and  analysis  of  the  data  available  to  him,  which  he  is  willing 
to  change  promptly  by  any  reliable  or  official  data.  He  ho])es  that  the 
railroads  which  are  so  largely  interested  in  this  question,  will  promptly 
rejjlace  his  estimates  by  their  official  figures.  Until  this  is  done,  he 
claims  that  these  figures  should  be  accepted  as  correct. 

In  conclusion,  the  author  begs  the  indulgence  of  his  readers  for  the 
imperfection  of  this  paper.  The  data  was  collected,  compiled  and 
analyzed  while  he  was  very  closely  occupied  in  other  jirofessional 
duties.  He  is  aware  that  the  arrangement  of  many  of  the  tables  could 
be  much  improved  and  others  advantageously  made,  but  he  cannot 
do  this,  for  the  want  of  the  necessary  time.  Doubtless,  many  clerical 
errors  will  be  discovered,  as  for  want  of  time  many  calculations  have 
not  been  checked. 

All  who  are  interested  in  this  line  of  study  can,  from  the  data  here 
given,  make  their  own  tables  and  draw  their  own  conclusions,  as  the 
author  has  done. 
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Conclusions. 

In  the  opiniou  of  the  author,  neither  the  English  or  American  rail- 
road is  perfect  in  itself,  if  the  object  of  a  railroad  is  to  give  the  greatest 
amount  of  comfort  to  the  i^assengers  for  the  least  amount  of  money, 
and  the  cheapest  freight  charge  to  the  shipper.  In  this  light  the  Penn- 
sylvania Kailroad  comes  nearer  perfection  than  any  other,  but  it  has 
the  serious  fault  of  many  level  road-crossings.  All  other  large  Ameri- 
can railroads  have,  in  addition  to  this  defect,  that  of  the  absence  of  the 
block  system.  With  these  two  faults  alone,  they  are  far  from  being- 
perfect,  to  say  nothing  of  minor  improvements  required,  such  as  good 
station  buildings,  etc. 

Although  the  English  cars  are  far  from  being  as  comfortable  for 
travelers  as  the  American,  yet  the  English  engineer  can  do  but  little 
now  to  remedy  it,  owing  to  the  low  and  nan-ow  cars  he  is  obliged  to 
run.  Perhaps  the  most  that  could  be  done  would  be  economising  in  the 
cost  of  motive  power,  the  general  introduction  and  use  of  the  American 
baggage  check  on  all  connecting  lines,  thereby  increasing  the  comfort 
of  passengers,  and  also  saving  a  large  expense  to  the  railroads  in  saving 
the  cost  of  many  unnecessary  porters;  warming  the  cars  in  winter;  gen- 
eral use  of  the  bogie  truck  under  passenger  cars,  thereby  diminishing 
the  constant  jarring  motion  now  so  great  in  them. 

The  English  road-bed,  superstructure  and  block  signaling  system  is 
all  that  could  be  desired. 

From  superficial  observation,  it  is  difficult  to  say  what  is  the  cause 
of  the  great  additional  cost  in  motive  power  in  operating  the  English 
railroads,  when  it  should  be  much  less  than  that  of  the  American  rail- 
roads, as,  owing  to  their  average  superior  construction,  with  easier 
grades  and  curves,  it  should  not  be  much  over  half,  instead  of  being 
nearly  double. 

Apparently  the  most  jjrominent  cause  of  this  increased  cost  is  the 
great  speed  and  small  tonnage  of  the  freight  trains,  and  too  many  pas- 
senger trains  lightly  loaded. 

Perhaps  the  American  bogie-truck  rolling  stock  runs  with  less  fric- 
tion'than  the  rigid  wheel-base  rolling  stock  used  on  the  English  roads. 

The  English  railroads  have  cost  per  mile  more  than  three  times  as 
much  as  the  American,  yet  they  only  save  eight  per  cent,  of  the  annual 
operating  expenses.     In  other  words,  to  save  one-twelfth  of  the  annual 
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operating  expeuses  the  cost  of  construction  lias  been  increased  more  than 
three  times.  The  preceding  comparison  would  be  still  more  striking  if 
we  brought  into  calculation  the  comparative  cost  in  the  two  countries 
of  the  different  items  included  under  the  heading  of  "  Maintenance  of 
way,"  "  Locomotive  Charges  "  and  "Repairs  of  Carriages."  Probal)ly 
90  per  cent,  of  these  are  made  up  of  labor,  fuel,  iron,  steel,  etc.,  all  of 
which  would  average,  in  1883,  fully  one- fourth  higher  in  the  United 
States  than  in  the  United  Kingdom.  This  speaks  very  well  for  the 
American  system,  that,  notwithstanding  it  costs  much  less  to  construct, 
after  paying  higher  prices  for  labor  and  materials— and  for  financial 
reasons  the  location  is  often  faulty,  and  the  superstructure  of  perishable 
materials — yet  it  is  operated  for  less  than  the  English  roads  are,  when 
due  allowance  is  made  for  the  difference  in  the  price  of  labor  and  mate- 
rials that  enter  into  operating  expenses.  Notwithstanding  these  disad- 
vantages, for  similar  accommodation,  the  passenger  rates  and  freight 
charges  are  much  less  on  American  than  on  English  railroads. 

One  of  the  principal  items  of  the  greater  cost  of  English  railroad 
construction  over  the  American,  is  the  necessity  of  having  much  straighter 
alignment  or  easier  curves,  so  that  it  can  be  safely  operated  by  the  rigid 
and  long  wheel-base  rolling  stock  in  use  there. 

The  Baltimore  and  Ohio  Railroad  is  a  sample  of  what  can  be  done 
with  the  American  rolling  stock.  This  road  is  built  through  a  very 
difficult  and  ruggetl  country,  which  compelled  a  very  poor  alignment, 
with  nearly  one-half  of  the  entire  length  in  curvature,  which  curves 
run  up  to  600  feet  radii,  and  long  grades  running  up  to  120  feet  per 
mile.  The  country  affords  no  natural  advantages  whatever.  Yet,  with 
all  these  drawbacks,  this  road  does  a  very  large  and  profitable  business, 
paying  annually  ten  per  cent,  dividend,  and  running  passenger  trains 
safely  at  very  high  speed. 

All  this  is  done  on  a  road  that  could  not  be  operated  with  rolling 
stock  built  on  the  English  system.  The  extra  cost  of  enlarging  these 
curves  to  adapt  them  to  English  rolling  stock  would  be  so  great  as  to  be 
commercially  impracticable.  It  is  not  difiicult  to  ai:)preciate  the  great 
difference  in  cost  of  construction,  in  an  extremely  rough  country,  of  a 
railroad  with  curves  GOO  feet,  or  2  640  feet  radii. 

Unquestionably  the  American  system  of  construction  is  the  best  for 
new  countries,  or  where  cheapness  of  construction  is  desirable.  The 
American  rolling  stock,  with  the  bogie  truck,  will  run  safely  and  rapidly 
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over  roads  of  inferior  construction,  or  sharp  curves  that  would  be  im- 
possible for  rolling  stock  constructed  on  the  English  type  of  long  and 
rigid  wheel  base.  The  American  type  is  especially  adapted  for  military 
purposes.  During  the  late  American  war  some  military  railroads  were 
operated  successfully,  with  the  ordinary  American  rolling  stock,  Avith 
curves  of  50  feet  radius.  The  New  York  Elevated  Railroad  has  been 
operated  for  years  (it  transported  last  year  97  000  000  passengers)  with- 
out accident,  and  has  many  curves  under  100  feet  radius.  Through  an 
ordinary  rough  country,  a  railroad  to  be  operated  with  the  American 
type  of  rolling  stock  could  be  constructed  in  one-fourth  of  the  time  and 
for  one-fourth  of  the  money  that  one  suitable  for  the  English  rolling 
stock  could  be  built. 

It  would  certainly  pay  the  management  of  the  English  railroad  com- 
panies to  investigate  the  cause  of  the  extra  cost  of  motive  power  on 
their  roads,  and,  if  possible,  remedy  it.  If  this  can  be  done,  they  will 
be  able  to  decrease  their  operating  expenses  over  8  i^er  cent.,  without 
making  any  changes  whatever  in  the  present  i^rices.  This  will  enable 
most  companies  to  increase  their  dividends  largely — probably  over  4  per 
cent. 

For  what  is  done  in  the  United  States  ought  to  be  done  in  the  United 
Kinodom. 
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THE  DISINTEGRATION   OF  THE  EGYPTIAN  OBE- 
LISK IN  THE  CENTRAL  PARK,  NEW  YORK. 


By  Thomas  Egleston,  Ph.D.,  M.  Am.  Soc.  C.  E. 
Kead  Januaky  20th,  1886. 


The  decay  of  the  stone  of  the  Obelisk  in  the  Central  Park  of  New 
York  has  attracted  a  great  deal  of  attention,  on  account  of  the  imblicity 
which  has  been  given  to  its  having  been  coated  with  paraffine  in  order 
to  preserve  it.  I  have  therefore  thought  it  would  be  of  interest  to  this 
Society  to  know  of  the  results  of  a  special  examination  which  I  have 
made  of  it,  in  addition  to  those  already  communicated.*  It  was  suji- 
posed  when  the  Obelisk  was  brought  here  that  it  was  in  a  perfect 
condition,  and  that  it  had  not  suffered  at  all  by  its  exposure  to 
the  climate  of  Egypt  for  3  500  years.  A  careful  examination  of 
the  Obelisk  itself,  and  of  the  pieces  which  have  been  detached  from 
it,  shows,  however,  that  this  was  not  the  case,  but  that  disintegration 
has  been  going  on  for  a  very  long  time  in  the  interior  of  the  stone, 
which  has  only  become  ai)parent  within  a  few  months,  owing  to  the  fact 
that,  until  its  erection  in  the  Central  Park,  there  were  no  causes  which 

*  Decay  and  Preservation  of  Building  Stone.  By  T.  Egleston,  Ph  .D.  Annual  Convention 
Am.  Soc.  Civil  Engineers,  June,  188.i.     To  be  published  hereafter. 
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tended  to  attract  attention  to  the  weakness  of  the  stone.  For  some 
months  it  has  been  noticed  that  pieces  of  the  ObeHsk  have  been  falling 
about  the  base.  These  pieces,  mostly  of  small  size,  attracted  the  atten- 
tion of  those  interested  in  its  preservation,  and  led  Mr.  A.  Hague,  dur- 
ing the  last  summer,  to  make  an  investigation  of  the  condition  of  the 
whole  shaft  while  the  scaffolding  used  by  the  workmen  in  putting  on 
the  i)araffine  coating  was  still  uji  and  they  were  chipi^ing  off  the  cracked 
pieces  and  heating  the  surface  of  the  obelisk  preparatory  to  putting  on 
the  parafBne.  This  examination  showed  that  the  south  and  west  faces, 
which  Avere  exjiosed  to  the  direct  rays  of  the  sun,  were  the  most 
weathered,  but  that  it  was  cracked  on  all  sides,  showing  that  a  pro- 
cess of  decay  had  begun  which  is  likely  to  lead  to  most  serious  con- 
sequences if  the  Obelisk  is  not  protected. 

The  process  of  decay  through  which  the  stone  is  passing  is  not  of  the 
chemical  nature  which  has  been  attributed  to  it.  This  is  shown  not  only 
by  an  inspei-tion  of  the  Obelisk  itself,  but  by  the  microscopic  examina- 
tion of  the  pieces  of  the  stone  detached  from  it.  The  first  thing  done 
T)y  the  workmen  in  getting  the  stone  ready  for  the  coating  which  was  to 
protect  it,  was  to  pick  off  all  the  pieces  which  were  already  so  much 
cracked  as  to  be  easily  separated,  Avith  small  iron  tools.  In  doing  this, 
pieces  of  an  inch  square  up  to  those  Avhich  Avere.  over  a  foot  long  and 
nearly  tAvo  inches  in  thickness  were  detached.  These  pieces  appear  to  the 
unaided  eye  to  be  of  perfectly  natural  stone.  Many  of  them  are  coated 
Avith  a  green  substance  which  I  at  first  sight  supposed  to  be  a  mineral, 
and  which,  from  its  peculiar  color,  I  took  to  be  epidote.  A  careful 
microscopic  examination,  however,  did  not  show  any  crystals  or  fibers, 
which  made  me  withdraw  the  determination,  and  decide  that  it  must  be 
some  kind  of  vegetable  stain.  Mr.  P.  H.  Dudley,  who  has  made  a  care- 
ful microscoi^ic  examination  of  this  stain,  pronounces  it  to  be  a  very  low 
order  of  vegetable  growth  belonging  to  the  genus  Protococcus,  probably 
the  apecies pluvialis,  a  variety  not  found  in  this  country,  and  known  most- 
ly in  Egypt.  What  strikes  one  at  first,  in  making  an  examination  of  the 
pieces  of  stone,  is  their  remarkably  fresh  appearance,  except  where  they 
are  colored  green.  The  crystals  of  feldspar  are  large  and  rosy,  and  do  not, 
to  the  eye,  show  any  sign  or  trace  of  decomposition.  Where  the  fracture 
of  the  stone  is  quite  fresh  it  looks  like  any  other  syenitic  granite,  with  a 
considerable  preponderance  of  hornblende,  and  but  a  small  quantity  of 
mica.      To  the  naked  eye,  only  quartz,  feldspar,  hornblende  and  mica 
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are  visible.    Under  tlie  microscope,  tourmaline,  zircon,  titauite  and  mag- 
netite are  seen  in  small  tiuantities  with  perfectly  fresh  fractures,  and  not 
showing  the  least  sign  of  decomposition.    With  a  1 J -inch  objective  and 
powerful  light,  I  first  began  to  notice  small  cavities,  here  and  there,  of 
irregular  shape,  and  quite  deep,  sometimes  entirely  empty, but  often  con- 
taining a  substance  having  very  much  the  appearance  of  the  hornblende 
and  pyroxene  in  specimens  which  occur  in  limestone,  and  have  been  placed 
in  acid  to  detach  the  crystals.     These  cavities,  though  not  numerous,  oc- 
cur only  in  the  vicinity  of  the  hornblende.  On  searching  for  them  I  found 
them  relatively  numerous  when  all  the  surfaces  of  attack  were  taken  into 
consideration,  and  sometimes  so  deep  that  their  bottom  could  not  be  seen 
with  an  inch  objective.     Fittings,  easily   distinguishable  after  a  little 
study,  giving  the  quartz  and  the  feldspar  the  appearance  of  having  been 
etched  very  slightly  with  hydrofluoric  acid,  were  quite  visible.     They 
were  not  uniform,  but  were  sufficiently  numeroiTs  in  places  to  give  the 
surface  a  greasy  appearance.     In  some  places  the  crystals  of  hornblende 
were  completely  gone,  leaving  the  shape  of  their  crystals  in  the  rock. 
I  did  not  notice  any  decay  in  any  of  the  other  minerals,  and  this  one 
seemed  to  be  most  prominent  in  the  vicinity  of  the  vegetable  growth, 
but  I  was  unable  to  determine  whether  this  appearance  of  a  part  of 
the  quartz  and  feldspar,  having  gone  into  solution,  was  owing  wholly  or 
in  ijart  to  it. 

The  quantity  of  the  pieces  removed  from  the  Obelisk  previous  to 
putting  on  the  paraffine  is  reported  to  have  been  as  much  as  800  pounds, 
and  was  probably  considerably  more  than  that.  These  pieces  have  been 
freely  circulated,  and  can  be  frequently  seen  in  the  possession  of 
curiosity  hunters  in  different  parts  of  the  United  States,  some  of  them 
having  a  few  pieces  and  others  several  pounds.  What  the  future  of 
the  monument  is  to  be  is  a  matter  of  some  anxiety.  It  is  certain  now 
that  the  opinion  advanced  at  the  time  that  the  Obelisk  was  erected 
in  Central  Park,  that  the  stone  was  qiiite  sound  when  it  was  erected 
there,  was  a  mistake.  It  was  full  of  minute  cracks  when  it  came  here. 
This  is  shown  by  the  rapid  disintegration  of  the  stone,  which  has 
suffered  more  in  the  five  years  of  exposure  in  the  Central  Park  than 
in  the  3  500  of  its  previous  history,  and  also  by  the  fact  that  the 
cracks  are  filled  with  vegetable  life  which  received  sufficient  light 
through  the  stone  to  be  colored  yellow  and  green  by  the  chlorophyl,  the 
depth  of  the  stone  being  shown  by  the  variation  of  tinge  of  green.      In 
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moist  places  this  kind  of  vegetable  growth  does  not  take  long  to  propagate 
itself,  but  in  dry  ones,  like  the  interior  of  the  cracks  in  granite,  it  must 
have  taken  many  years.  To  have  affected  the  stone  even  slightly,  as  it 
appears  to  have  done,  must  have  taken  many  more.  It  is  quite  possible 
that  the  germs  of  the  vegetable  matter  were  in  the  stone  when  it  was 
in  Egypt,  and  did  not  develop  tiiere  because  they  did  not  have  siif- 
licient  moisture  to  cause  them  to  germinate,  and  that  they  only  com- 
menced to  grow  when  brought  here.  It  is  also  quite  possible  that  this 
vegetable  growth  is  not  the  cause  of  any  of  the  apparent  solution 
or  pitting,  though  the  ajipearances  are  exactly  like  those  of  other 
minerals  whose  surfaces  have  been  slightly  acted  on;  but  it  is  certain 
that,  while  the  chemical  action  on  the  stone  is  very  slight,  there  has 
been  a  deep-seated  and  prolonged  disintegration  of  the  rock  from 
purely  physical  causes,  producing  cracks  and  ruptures  along  the  lines 
of  greatest  weakness,  and  that  the  stone  has  no  longer  the  strength  to 
resist  the  atmospheric  influences  of  our  very  changeable  climate,  where 
the  extremes  of  heat  and  cold  are  so  very  great,  and  where,  as  compared 
to  Egypt,  the  amount  of  moisture  in  the  air  is  always  at  a  maximum. 

The  method  of  applying  the  present  protecting  (?)  coating  seems  to 
have  been  a  fatal  mistake.  Nothing  of  any  account  has  been  dissolved 
out  of  the  stone,  there  is,  therefore  nothing  to  be  rejilaced.  If  there 
had  been,  parafline  in  solution  would  have  been  one  of  the  best  materials 
to  mi  them.  Granite  is  not  porous,  there  were,  therefore  no  cavities 
to  be  filled.  The  stone  being  full  of  cracks  from  natural  causes, 
the  heat  which  was  used  to  cause  the  paraflSne  to  sink  into  the 
body  of  the  stone,  when  applied  to  the  outside  Avould  cause  an 
expansion,  which  would  not  be  responded  to  by  the  interior  of  the 
granite,  and  the  cracks  already  there  would  increase  in  size,  and 
pieces  would  chip  off  as  they  did,  and  new  cracks  would  be  formed 
in  the  stone,  already  weakened  by  long  exposure.  This  is  distinctly 
traceable  on  almost  every  specimen  chipped  off,  the  old  part  of  .the 
crack  showing  the  stone  somewhat  less  fresh  on  the  surface,  while 
the  part  recently  cracked  is  quite  fresh. 

It  is  expected,  now  that  the  Obelisk  is  supposed  to  have  been  water- 
proofed, that  the  disintegration  will  cease,  but  this  appears  to  me  to  be 
founded  on  an  altogether  mistaken  theory,  which  is,  that  the  cracking  is 
alone  due  to  the  expansion  of  the  ice  formed  in  the  cracks.  The  rapid 
and  extreme  changes  of  temjierature  in  this  climate  in  a  stone,  which, 
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from  its  mass  aloiio,  must  have  l)ut  a  ft^el)lo  comluctiug  power,  Avould 
l)e  sufficient  to  cause  the  disintegration  already  begun,  in  a  stone  weak- 
ened by  exposure  to  great  heat  in  a  dry  climate,  to  continue  with  com- 
parative rapidity  without  the  intervention  of  ice,  but  simjily  from  the 
continued  expansion  and  contraction  going  on  on  its  weakened  surface. 
But  in  a  moist  climate  like  our  own,  where  it  was  subjected  to  both 
extremes  of  heat  and  cold,  it  would  take  place  rapidly,  as  it  has  done. 

As  it  was  a  matter  of  interest  to  ascertain  how  far  moisture  had  to  do 
with  the  cracking  under  heat,  I  made  the  experiment  of  submitting 
pieces  of  granite  which  had  become  quite  dry  from  having  been  kept 
housed  many  years,  to  as  high  a  heat  as  could  be  obtained  in  the  labora- 
tory without  melting,  and  to  my  surin-ise  found  that  no  spalling  or  even 
cracking  occurred,  although  the  pieces  were  subjected  to  the  heat  sud- 
denly and  for  varying  periods  of  time.  It  is  well  known  that  granite 
in  buildings,  wlien  subjected  to  fire,  spalls.  This  is  owing  to  the 
moisture  it  contains;  to  the  expansion  of  gas  and  liquids  contained  in 
microscopic  bubbles  in  the  quartz;  and  to  the  want  of  condiictivity  of 
the  stone  itself.  Perfectly  dry  granite  does  not  sjiall  unless  exijosed 
very  suddenly  to  a  very  high  temperature.  No  granite,  however,  ex- 
posed to  the  weather  in  this  climate  is  ever  dry.  Fresh  granite  con- 
tains about  one  per  cent,  of  moisture.  That  weakened  by  age,  like  the 
surface  of  all  the  obelisks,  may  contain  many  times  that  amount,  con- 
sequently all  gi'auites  ou  the  outside  of  structures  do  spall  when  ex- 
posed to  fire.  From  the  fact  that  the  stone  of  the  Central  Park  Obe- 
lisk is  already  weakened  and  probably  full  of  fissures,  which  in  this 
climate  will  tend  to  develop  year  by  year,  and  from  the  very  fact 
that  the  disintegrated  stone  will  absorb  more  moisture  than  stone  which 
is  fresh,  it  seems  probable  that  no  protection  or  coating  given  to  the 
stone  wiU  arrest  the  process  of  disintegration  already  commenced  in  it, 
if  it  18  left  exposed.  Even  if  the  surface  was  entirely  waterproofed, 
the  cold  of  winter  and  the  heat  of  summer  would  act  below  the  surface 
both  of  the  coating  and  of  the  stone,  causing  the  coating  to  break  or 
fissures  through  it  to  occur,  so  as  to  let  in  the  moisture,  and  then  both 
causes  would  operate  together  as  before.  But  in  any  case  heat  and  cold 
will  act  altogether  iudeiiendently  of  moisture,  whether  the  outside  be 
coated  or  not,  and  further  disintegration  must  take  place  under  the 
same  circumstances  and  conditions  as  that  which  has  already  so  much 
weakened  the  stone.     Placing  the  Obelisk  in  the  Central  Park,  where  it 


84         EGLESTON    ON   THE    DISIXTEGKATION   OF   THE    OBELISK. 

is  exposed  to  nearly  every  agency  that  could  tend  to  destroy  it;  allowing 
the  surface  of  a  stone  already  so  much  weakened  by  disintegration  to 
be  heated,  thus  causing  further  cracks  to  be  made  in  it;  is  a  greater 
monument  to  i)ublic  indifference  and  ignorance  than  the  shaft  ever 
was  to  the  dignitary  who  first  erected  it,  or  the  events  chronicled  in 
its  hieroglyphics. 

The  same  dangers,  if  the  reports  about  it  are  true,  threaten  the  01)e- 
lisk  on  the  Thames  Embankment,  although  not  to  the  same  extent.  The» 
climate  of  England  is  much  less  severe  than  ours,  both  in  winter  and  in 
summer.  The  causes  for  disintegration  being  the  same  in  both  cases,  will 
aflfect  the  London  Obelisk  less  than  ours,  and  there  seems  to  be,  so  far  as 
any  examination  of  it  has  been  made,  no  great  jaresent  danger  in  leaving 
it  exposed  where  it  is.  The  Obelisk  in  the  Place  de  la  Concord,  in  Paris, 
is  reported  cracked  all  over  its  surface.  Both  the  European  Obelisks 
are  therefore  in  danger  of  being  seriously  damaged  within  the  next 
hundred  years.  Housing  seems  to  be  the  only  thing  left  for  the  Obelisk 
in  Central  Park. 
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STEEL    RAILWAY   BRIDGES    UNDER 

STANDARD  SPECIFICATIONS. 


By  George  H.  Pegram,  M.  Am.  Soc.  C.  E. 
Presented  at  the  Annual  Convention,  June  10th,  1884, 


WLTB.  DISCUSSION. 

It  has  been  asserted  that  there  is  no  law  governing  the  variation  of 
the  weights  of  iron  and  steel  bridges,  and  that,  therefore,  any  formulas 
purporting  to  give  them  with  exactness,  or  even  approximate  exactness, 
should  be  viewed  with  suspicion. 

In  the  writer's  opinion,  this  feeling  at  the  present  day  is  analogous 
to  the  opposition  that  is  made  to  the  use  of  steel  for  structural  purposes, 
which  does  not  always  involve  a  proper  consideration  of  the  rapid  pro- 
gress which  is  being  made  in  engineering. 

The  specifications  for  bridges  and  the  details  of  construction  are  now 
comparatively  uniform,  and  as  the  individual  eccentricities  of  engineers 
become  confined  within  narrower  limits,  the  operation  of  a  general  law  is 
proportionately  extended. 
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The  following  specifications  have  been  assumed.  They  might  be 
called  standard  for  this  country,  in  the  sense  that  they  ai'e  the  most 
usual. 

Those  affecting  steel  will  doubtless  be  modified  as  our  knowledge  of 
that  metal  is  increased. 

Specifications. 

The  structure  shall  be  proportioned  to  sustain  its  own  weight,  in  ad- 
dition to  the  moving  load  as  hereinafter  given  for  its  particular  class. 

In  order  to  provide  for  the  effects  of  impact,  the  following  percentage 
shall  be  added  to  the  strains  produced  by  the  moving  load  considered 
as  static: 

For  spans  under  25  feet,  30  per  cent, 
of     80     "       8       " 

The  added  percentage  to  vary  between  these  limits,  in  proportion  to 
the  length  of  span:  • 

End  suspenders,         25  per  cent. 
Middle  ties,  15         " 

First  counter-ties,       25         * ' 
.      Second         "  35 

Last  "  50         " 

In  plate  girders  the  flange  stress  shall  be  considered  as  borne  by  the 
flange  without  the  assistance  of  the  web,  and  the  shearing  stress  as  borne 
by  the  web  alone. 

Under  these  conditions  of  loading,  the  stresses  shall  be  limited  as 
follows,  viz. : 

Wkought-Ibon — 

10  000  pounds  per  square  inch  in  tension. 

7  500       "         "         "         "      "   shearing. 

8  000       "         "         "         "      "   compression, 

8  000 
reduced  in  columns  according  to  the  formula      i    i      ^^       i^  which 

a  r~ 
I  =  the  length  in  inches. 
r  =  the  least  radius  of  gyration  in  inches, 
a  =  18  000  for  two  pin  ends. 
<(=^  24  000  "    one    "       " 
^,  =  36  000  "    two  flat     " 
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Lateral  bracing  shall  be  ijrovidecl  to  resist  a  wind  pressure  of  30 
pounds  per  square  foot  on  twice  the  surface  of  one  truss,  together  with 
a  moving  train  surface  averaging  ten  square  feet  per  foot  of  span. 

The  stress  in  lateral  rods  shall  be  limited  to  15  000  pounds  per  square 
inch,  after  adding  10  000  pounds  per  rod  for  adjustment. 

Lateral  struts  shall  be  i)roi)ortioned  by  the  above  column  formula, 
with  10  000  in  place  of  8  000  as  a  basis. 

Steel — 

Lateral  rods,     20  000  pounds  per  square  inch. 

All  other  parts,  14  000       "  "         "         "      intension. 

14  000       "  "         "         "       "  compression, 

excei)t  in  members  over  sixteen  diameters  in  length,  where  the 
column  formula  for  wrought  iron,  with  fifty  per  cent,  added,  shall  be 
used. 

With  some  engineers  it  is  customary  to  vary  the  unit  stresses  instead 
of  adding  percentages.  The  result  is  i)raetically  the  same,  but  the  sys- 
tem of  percentages  seems  to  be  more  logical,  and  admits  of  varying 
stresses,  closely  ai)proximating  the  effects  of  imj>act,  which  it  would 
otherwise  be  difficult  to  exiH'ess. 

In  the  investigations  of  which  this  paper  is  the  result,  four  classes  of 
loading  have  been  assumed,  which  will  be  denoted,  for  convenience,  by 
the  initial  letter  of  the  engine  iised. 

They  are: 

Clf/ss  M. — Two  coupled  Mogul  engines,  followed  by  a  train  weighing 

1  820  pounds  per  foot  of  track,  which  was  the  common  loading  eight 
years  ago,  and  is  now  used  on  some  roads. 

Class  C. — Two  consolidation  engines,  followed  by  a  train  weighing 

2  240  poitnds  per  foot  of  track,  which  has  been  the  usual  loading  for  the 
past  five  years. 

Class  T. — Two  '*  Typical  "  consolidation  engines,  followed  by  a  train 
weighing  3  000  pounds  per  foot  of  track,  which  is  now  coming  into  use, 
and  will  i)robably  be  the  loading  for  some  time  to  come. 

Class  N. — Two  narrow-gauge  consolidation  engines,  followed  by  a 
train  of  2  000  pounds  per  foot  of  track. 

The  distribution  of  weight  in  the  several  classes  is  shown  in  the  fol- 
lowing diagrams. 
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Under  these  specifications,  the  weights  of  bridges  given  in  the  follow- 
ing tables  have  been  calculated  with  every  attention  to  detail,  and  with 
a  view  of  obtaining  the  most  economical  bridge  in  each  case. 

The  aim  has  been  to  adopt  a  first-class  construction,  without  any  ad- 
ditions of  doubtful  utility,  so  that  while  a  bridge  might  weigh  more  than 
that  given  through  some  special  excellence,  it  should  not  weigh  much 
less.  This  remark  should  be  limited  to  spans  under  300  feet,  however, 
as  above  that  the  individuality  of  engineers  becomes  more  marked,  and 
so  much  difterence  of  ojjinion  exists  as  to  the  proper  widths,  etc.,  of 
bridges,  that  weights  based  on  one  kind  of  construction  would  be,  in  a 
measure,  approximations  for  another  kind. 

The  formulas  herein  proiDosed  are  intended  to  give  the  total  or  ship- 
ping weight  of  iron  or  steel  in  the  span. 

Some  slight  sacrifice  of  exactness  has  been  necessary,  in  order  to  make 
the  formulas  as  simple  as  possible. 

All  eftbrts  to  combine  the  total  range  of  spans  under  one  formula 
failed.  It  was  necessary  to  have  a  formula  for  girders,  and  a  different 
one  for  truss  spans;  or,  what  seemed  more  desirable,  a  formula  which 
woiild  include  both  girder  and  truss  spans  below  225  feet,  which  are  of 
the  most  common  occurrence,  and  a  different  formula  for  spans  over 
225  feet. 

As  far  as  possible  the  same  style  of  formula  has  been  maintained. 

The  type  of  bridge  assumed  is  as  follows :  For  spans  below  75  feet, 
deck-plate  girder  bridges,  8  feet  wide,  connected  with  angle-iron  bracing, 
and  with  cross-ties  resting  on  the  top  chords;  above  75  feet,  through 
truss  bridges,  Pratt  or  single  quadrangular  trusses  up  to  150  feet,  and 
Whipple  or  double  quadrangular  trusses  over  that  length. 

The  widths  assumed  have  been :  For  standard  gauge  spans  under  255 
feet,  14  feet  in  the  clear;  for  320  feet  span,  18  feet  center  to  center  of 
trusses;  for  420  feet  span,  21  feet  center  to  center;  and  for  520  feet  span, 
25  feet  center  to  center.  The  floors  of  the  spans  consist  of  cross  floor 
beams  at  the  panel  points,  with  a  line  of  iron  stringers  under  each  rail, 
except  for  spans  over  300  feet,  which  have  three  lines  of  stringers. 

Differences  in  depth  affect  the  weight  leas  than  would  be  supposed. 
Thus  in  a  GO-foot  girder  span,  for  Class  T,  the  difference  in  total 
weights  between  depths  of  5  feet  and  5J  feet  was  practically  nothing, 
and  for  an  80-foot  girder  span,  calculated  for  Class  C,  with  depths  of  6 
feet,  6^  feet  and  7  feet,  the  difference  was  less  than  1  per  cent.    In  a  180- 
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foot  truss  span,  the  difference  in  weights  between  depths  of  26  and  28 
feet  was  less  than  2  per  cent. 

In  a  520-foot  steel  sj)an,  for  Class  T,  the  diflterence  in  weight  between 
a  depth  of  50  feet  and  one  of  58  feet  was  about  3  per  cent.;  a  depth  of  56 
feet  was  finally  taken  in  this  case. 

The  conditions  on  which  the  formulas  are  based  have  been  stated. 
Modifications  for  other  conditions  may  be  made  as  follows: 

If  wooden  stringers  are  used,  deduct  195  pounds  per  foot  for  Classes 
M  and  C,  210  pounds  for  Class  T,  and  140  pounds  for  Class  N. 

For  safety  stringers  add  100  i^ounds  per  foot  for  all  classes. 

For  deck  truss  bridges  add  10  per  cent.,  and  for  double  track  bridges 
90  per  cent,  to  the  formula  weight. 

Through  plate  girder  bridges  will  not  differ  materially  from  deck 
bridges  in  weight,  where  the  cross -ties  are  made  to  serve  as  floor  beams; 
where,  however,  an  iron  stringer  floor  is  used,  it  will  be  a  close  approxi- 
mation to  add  200  pounds  per  foot  to  the  weight  as  given  by  the  formula. 

The  following  are  the  formulas  proposed,  in  all  of  which 

S  =  the  span  center  to  center  of  bed  plates  or  end  pins,  as  the  case 
may  be. 

W  =  the  total  or  "  shipping  "  weight  of  iron  or  steel  in  pounds. 
For  iron  bridges  under  21h  feet  span: 

w=(i^^^)s^/s  (1) 

in  which 

a=   1  for  Class  T. 

r/  =    9   "        "       C. 

a  =12  "       "      M. 

For  Class  N  take  three-fourths  of  the  weight  as  given  for  Class  T. 

Table  No.  1  is  for  this  formula.  In  it  are  given  the  actual  or  esti- 
mated weights,  and  the  corresponding  weights  by  formula,  with  per- 
centages of  difi'erences,  taking  the  actual  weight  as  unity. 
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For  Iron,  Bridges  over  200  feet  span. 


W=(5+'1)S' 


in  which  b  =  100  for  Class  C. 
h  =   80         "        T. 
Table  No.  2  gives  values  for  this  formula. 

TABLE  No.  2. — For  Ikon  Bridges  over  200  feet  span. 


(2) 


.'Span  c.  to  c. 

Class  C. 
Consols,  and  2  240  lbs. 

O  0) 

■tf"  ct 
a  01 

|5 

Class  T. 
Typ.  Consols,  and  3  000  lbs. 

*:  a 

in    feet. 

Calculated 

(s  +  ilo)'^^ 

Calculated 

^    ^  80/ 

'J01.5 

286  055     '              284  317 

-Oi'ir 

304  459 

304  567 

0 

■255 

468  884                    490  900 

+h\ 

508  415 

532  555 

+^{6 

320 

837  387                   839*680 

+Otij 

946  031 

021  600 

-•^^ 

420 

1  633  244     i            1  622  880 

-Oi% 

1  829  484 

1  808 100 

-Irt 

516 

2  635  617     1            2  689  185 

H-2 

2  977  191 

3  048  631 

+2iV 

For  Steel  Bridges  over  300  feet  span. 

W=  c  S-' 
in  which  c  =  6    for  Class  C. 
c=6.7  "      T. 


(3) 


Table  No.  3  gives  values  for  this  formula.  The  formulas  have  been 
framed  on  independently  calculated  spans,  in  order  to  secure  uniformity 
•of  conditions.  Prototypes  of  the  iron  sjians  of  320  feet  and  under,  with 
two  exceptions,  have  been  built  within  the  i^ast  five  years,  and  the  for- 
mulas have  otherwise  been  checked  on  over  eighty  spans  built  or  designed 
within  that  time.  The  weights  for  steel  spans  are  based  on  bridges  which 
have  been  com^jletely  designed,  but  not  built.  They  are  of  a  very  high 
type  of  construction.  A  frequent  diflference  between  the  formula  weights 
and  those  of  existing  bridges  is  caused  by  the  custom  which  prevailed 
at  one  time,  of  assuming  the  webs  of  plate  girders  to  assist  the  flanges 
and  reducing  the  sections  accordingly. 
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TABLE  No.  3. — For  Steel  Bkldpes  ovek  300  feet  span.* 


Span  c.  to  c. 
in  feet. 

Ct.arr  C. 
Consols,  and  2  240  lbs. 

J^       Per  Cent,  of 
g-         Difference. 

Class  T. 
Typ.  Consols,  and  3  000  lbs. 

0  oJ 
11 

Calculated 

6  S- 

Calculated 

6.7  52 

305.5 

553  636 

559  980 

625  600 

625  311 

0 

320 

578  520 

614  400 

+6i\, 

051  400 

686  080 

+5 

374 

884  700 

839  256 

-5i5 

944  000 

937  169 

— Oj-„ 

400 

974  243 

960  000 

-lA 

1  073  545 

1  072  000 

-Oi'. 

420 

1  052  720 

1  058  400 

+0L 

1  182  835 

1  181  880 

« 

450 

1  237  540 

1  215  000 

-1.^ 

1  382  500 

1  356  750 

-li'ls 

475 

1  333  830 

1  353  750 

+U% 

1  481  510 

1  511  687 

+2 

516 

1  639  426 

1  597  536 

-Va 

1  773  689 

1  783  915 

+0t\ 

*In  these  spans  the  floor-beams,  stringers,  lateral  struts,  counters  and  small  lateral  rods 
are  made  of  iron,  in  accordance  with  the  universal  practice  in  this  country. 
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DISCUSSION. 

D.  J.  Whittemoee,  Past  Pres.  Am.  8oc.  C.  E. — In  reference  to  this 
paper,  it  is  pertinent  to  inquire  whether  there  is  such  general  uniformity 
of  design  at  the  present  time  among  those  members  of  our  profession, 
expert  in  bridge  construction,  as  to  warrant  the  use  of  simple  formulas 
in  determining  the  approximate  weight  of  metal  that  should  be  employed 
in  their  construction.  Probably  no  other  problem  in  mechanical  con- 
struction has  been  subjected  to  such  thorough  analysis,  and  by  so  many 
able  minds,  as  this  of  iron  bridge  design,  and  if,  as  a  result  of  such 
rigid  investigation,  it  is  possible  to  estimate  approximately  the  Aveight 
of  properly  designed  structures  by  some  such  simple  formulas  as  those 
given  in  this  paper,  I  feel  assured  that  to  the  engineer  who  has  but 
little  expert  knowledge  of  the  subject  it  will  be  often  of  great  assistance 
and  consequent  value,  though  to  the  expert  it  may  not  aflford  that  close 
approximation  demanded  by  him. 

Any  general  discussion  of  this  paper  should,  and  I  trust  will,  cover 
the  whole  subject  of  bridge  construction;  in  how  far  Ave  agree  as  to 
standard  train  loads  and  wind  strains,  permitted  strains  in  and  forms  of 
parts,  and  their  mode  of  manufacture — all  factors  bearing  upon  the  safe 
and  economic  weights  of  structures. 

Applying  the  formulas  to  several  structures,  the  weights  of  which  are 
known  to  me,  I  find  the  same  to  give  close  approximate  results,  after 
deducting  the  weight  of  material  used  for  purposes  that  are  assumed  by 
the  Avriter  to  be  of  doubtful  utility,  but  esteemed  by  me  highly  proper 
in  resisting  abnormal  strains,  to  Avhich  every  structure  in  constant  use 
is  liable. 

It  would  be  of  interest,  could  we  know  whether  the  weights  of  struc- 
tures given  were  derived  from  designs  made  mainly  by  one,  or  from  de- 
signs made  by  several  engineers  of  acknowledged  experience. 

I  Avould  ask  our  Members  whether  it  is  the  generally  accepted  prac- 
tice in  designing  plate  girders  to  consider  that  the  flange  shall  have 
sufficient  area  to  bear  its  stress  without  assistance  of  the  web,  the  latter 
to  provide  only  for  shearing  stress  as  borne  by  the  web  alone,  as  stated 
by  the  writer. 

Perhaps  it  may  be  proper,  in  the  discussion  of  the  paper,  to  call  for 
an  expression  from  our  Members  as  to  whether  we  are  warranted  in  sub- 
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jectinfj  steel  to  the  strains  specified  by  the  writer,  with  our  present 
limited  knowledge  of  this  metal,  particularly  when  called  to  resist  those 
of  compression. 

Considering  the  unusual  facilities  offered  the  writer  in  gathering 
datii,  and  the  labor  and  thought  expended  upon  the  subject  treated,  I 
trust  this  i^aper  will  receive  that  consideration  it  fully  merits. 

.TosEPH  M.  Wilson,  M.  Am.  Soc.  C.  E.— The  paper  in  question 
furnishes  a  valuable  addition  to  what  data  we  already  possess  on  the 
subject  of  the  determination  of  bridge  weights.  The  ability  to  pre- 
determine readily,  and  with  reasonable  accuracy,  the  weight  which  a 
bridge  conforming  to  certain  standard  siJecifications  should  have,  is  a 
great  desideratum.  Not  only  is  this  so  for  the  engineer,  to  enable  him 
to  assume  his  preliminary  loading  for  calculation,  but  in  this  country, 
where  the  deciding  of  competitions  and  awarding  of  contracts  is  so  often 
in  the  hands  of  those  who  have  but  little  knowledge  of  the  requirements 
for  a  good  bridge,  or  what  amount  of  material  is  necessary  to  build  a  bridge 
according  to  certain  agreed  specifications,  the  advantage  of  being  able 
to  apply  readily  some  simple  formula  to  the  case  is  obvious.  These 
formulas  seem  to  meet  the  latter  requirement  particularly. 

A  paper  was  contributed  some  time  since  to  the  Institution  of  Civil 
Engineers,  by  Max  Am  Ende,  on  the  Weight  and  Limiting  Dimensions- 
of  Girder  Bridges  (Proc.  Inst.  C.  E.,  Yol.  LXIV,  p.  243),  which  appears 
to  consider  the  same  subject,  with  rather  a  wider  scope.  Mr.  Am  Ende 
submits  a  general  "theoretical  formula  for  the  weight,  in  which  the 
weight  of  the  bridge,  the  weight  of  the  platform  and  the  weight  of  the 
moving  load;  the  principal  dimensions  and  a  number  of  constants,  appear 
as  undetermined  quantities."  The  moving  load  and  the  weight  of  the 
platform  being  assumed,  also  the  width  of  the  bridge  as  a  function  of 
the  span;  and  the  constants  being  determined  from  the  practice  of  the 
designer  who  constructs  the  parts  of  the  l)ridge,  the  formula  gives  the 
desired  result.  Mr.  Am  Ende  states  that  almost  the  only  difficulty  he 
encountered  in  the  way  of  a  satisfactory  solution  of  the  problem  was  in 
the  case  of  secondary  bracing. 

The  formulas  of  the  jiresent  jjajjcr  being  derived  from  actual  or  cal- 
culated weights  of  known  structures,  or  structures  already  designed,  do 
not  possess  the  scientific  interest  of  the  formula  of  Mr.  Am  Ende, 
and  while  no  doubt  giving  reliable  results  within  certain  limits,  yet  they 
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might  not  be  applicable  for  very  long  spans  where  little  or  no  data  ex- 
ists to  base  them  upon.  Neither  do  they  take  any  account  of  variations 
in  the  proportions  of  the  structures.  But  they  possess  the  great  advan- 
tages of  simplicity  and  readiness  of  application,  both  of  which  are  very 
important  in  the  uses  to  which  they  will  probable  be  most  frequently 
applied. 

Should  the  standard  loading  for  any  structure  in  question  not  be  the 
same  as  assumed  in  one  of  the  cases  in  the  paj^er,  the  reqiiisite  modifica- 
tion of  the  value  of  a  can  of  course  be  made.  In  view  of  the  continu- 
ally increasing  weights  for  engines  and  train  service,  the  writer  is  in  favor 
of  high  standards.  The  typical  engine  given  in  the  jaaper  is  one  which 
the  writer  had  worked  up  several  years  ago,  and  adopted  in  specifications 
for  Ijridges  on  the  lines  of  the  Pennsylvania  Railroad,  to  anticipate 
what  might  come  in  the  future.  No  engine  has  yet  been  built  on  this 
type,  but  one  of  another  type,  lately  put  in  use,  really  surpasses  it  in 
its  effects  in  certain  special  cases. 

It  appears  to  the  writer  that  the  results,  as  achieved  by  these  formu- 
las, might  have  been  more  readily  accomplished  graphically,  by  the  use 
of  a  curve  on  cross-section  paper,  the  ordinates  laid  out  on  the  axis  of 
the  curve  representing  the  spans  of  different  structures,  and  the  ab- 
scissfe  the  weights,  either  in  pounds  per  lineal  foot,  or  as  desired.  As 
many  points  for  the  curve  as  jjossible  could  be  fixed  from  actual  data, 
and  the  curve  constructed  thereon.  Difterent  classes  of  structures, 
such  as  solid  plate  girders,  open-built  girders,  highway  bridges,  etc., 
could  all  be  represented  on  the  same  sheet.  The  writer  has  used  such 
a  method  with  success,  but  while  in  his  opinion  better  for  the  engi- 
neer, it  might  not,  perhaps,  be  as  applicable  for  the  general  public  as 
formulas. 

W.  R.  HuTTON,  M.  Am.  Soc.  C.  E. — Although  no  one  series  of  formu- 
las giving  the  relation  of  weight  to  span  of  railroad  bridges,  is  in  gen- 
eral use,  yet  many  bridge-buildei's  and  experts  have  some  rule  by  which 
to  determine  the  weight  of  the  structure  for  preliminary  estimates  with 
considerable  accuracy. 

The  weight  of  the  trusses  will  vary  closely  with  the  square  of  the 
sjjans,  the  floor  system  directly  as  the  span  and  the  width  between 
trusses,  and  the  horizontal  bracing  with  the  width  and  with  the  square 
of  tLe  span. 
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The  s])eoification  (jnoted  by  Mr.  Pegraui  t-outains  one  erroneous  for- 
mula, altliough  not  uncommon  in  geueral  praetice.  I  refer  to  the  appli- 
cation to  a  long  steel  column  of  the  formula  for  an  iron  column  "  with 
50  per  cent,  added."  Experiments  have  shown  that  the  resistance 
of  long  columns  of  steel  varies  with  their  length  more  rapidly  than 
those  of  iron,  approaching  that  of  iron  when  the  ratio  of  length  to 
diameter  becomes  very  great.  This  might  have  been  anticipated  with  a 
metal  whose  resistance  to  crushing  is  much  greater  than  iron,  and  its 
modulus  of  elasticity  nearly  the  same.  Those  engineers  act  more  pru- 
dently who  limit  the  use  of  steel  in  compression  to  comparatively  short 
parts,  where  its  greater  strength  is  available;  using  for  the  longer  and 
generally  lighter  parts  the  better  known  material;  for  in  these  members 
the  saving  in  weight  is  less,  while  the  uncertainty  as  to  strength  is 
greater. 

There  is  a  specification  that  in  plate  girders  the  liange  stress  shall  be 
borne  by  the  liange  alone,  the  shearing  stress  by  the  web  alone.  This  is 
not  unusual,  but  it  would  seem  to  be  an  unnecessary  precaution  in  view 
of  the  low  strains  generally  admitted  in  the  metal  of  such  forms. 

The  present  dull  season  gives  an  excellent  opportunity  to  many  of 
our  Members  to  work  out  a  correct  formula  for  strength  of  columns,  in 
which  the  modulus  of  rupture  (or  the  elastic  limit)  shall  be  combined 
with  the  modulus  of  elasticity— or  at  least  a  formula  similar  in  form  to 
Gordon's  — which  shall  represent  result  of  experiments  in  steel. 

W.  M.  Hughes,  M.  Am.  Soc.  C.  E.— Having  the  shipping  weight  of 
a  large  number  of  spans  constructed  from  specifications  substantially 
the  same  as  those  given  in  this  paper,  using  two  class  *'  M  "  engines,  one 
followed  by  the  other,  and  this  by  a  freight  load  of  2  000  pounds  per 
lineal  foot,  I  have  applied  the  formula  to  a  few  of  them  with  the  result 
shown  in  the  following  table. 

The  iron  stringers  for  15-foot  panels  weighed  about  160  pounds  per 
lineal  foot,  a  -,%  inch  web  plate  being  used.  Where  wooden  stringers  are 
used,  I  have  deducted  195  pounds  per  lineal  foot  from  result  of  formula 
as  suggested  by  the  author.  As  will  be  seen,  the  percentage  of  difference 
here  in  each  case  is  minus.  These  are  all  "  through  "  bridges,  the  last 
two  being  doubli>  track  with  two  trusses.  It  will  be  seen  that  these 
weights  are  less  than  CO  per  cent,  added  to  the  result  of  the  formula,  in- 
stead of  90  per  c^nt.  as  suggested  by  the  author  of  the  paper. 
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It  Avould  seem  that  the  diflference  here  shown  between  the  actual 
weights  and  those  given  by  the  formula  are  too  great  to  make  it  of  much 
practicable  use. 

TABLE  No.  4. 


Kind 

Number 

Actual 
Weight. 

Weight 

Per  Cent. 

Span. 

OF 

Stkingeb. 

Depth. 

AND 

Length 

BY 

OF 

Truss. 

OF 

Panel. 

Formulas. 

Difference 

Feet. 

Ft. 

In. 

No. 

Ft.    In. 

50 

Pratt 

Iron 

6 

3 

4 

12      6 

31  360 

27  940 

-  10i1> 

61 

"    

•'      

8 

0 

4 

15      3 

39  294 

38  150 

—    3 

75 

"    

"      

21 

0 

5 

15      0 

51  157 

52  812 

+    ^x% 

84 

•'    

21 

0 

6 

14      0 

62  875 

63  058 

+     Oy'b 

105 

"      

20 

0 

7 

15      0 

78  476 

90  115 

+  14t1> 

120 

"      

22 

6 

8 

15      0 

103  094 

112  200 

+     8/5 

135 

"    

"      

22 

6 

9 

15      0 

124  015 

135  110 

+   Vs 

165 

Whipple 

Wood 

27 

0 

11 

15      0 

165  725 

1.55  975 

-  h% 

184 

"        .... 

"      

28 

0 

12 

15       4 

198  351 

191  720 

-   Hu 

•200 

"        

"      

28 

0 

13 

15      4i 

240  241 

225  240 

-    6tV 

150 

Pratt 

Iron 

28 

0 

7 

21       5 

243  930 

=  formula. 

+  51/5 

142 

"      

27 

0 

7 

20      3i 

235  700 

= 

+  59/^ 

Theodore  Cooper,  M.  Am.  Soc.  C.  E. — Every  experienced  bridge 
engineer  has  some  method  of  approximating  the  weight  of  a  proposed 
bridge.  It  may  be  by  the  use  of  formulas,  by  tables,  by  diagrams,  or  it 
may  be  by  apparent  guessing,  based  upon  accumulated  experience  in 
similar  work.  Such  methods  used  by  any  engineer  for  his  own  guid- 
ance, if  given  to  the  public,  would  be  misleading;  or,  at  the  best,  simple 
ai^proximations,  for  they  must  be  varied  for  each  individual  case, 
according  to  the  specifications  and  requirements  and  to  suit  the  par- 
ticular style  of  bridge  adopted. 

The  author  speaks  as  if  there  was  but  one  general  standard  of  speci- 
fication in  use  in  this  country.  While  in  the  better  class  of  structures 
this  is  getting  to  be  the  case,  in  general  terms  there  is  still  considerable 
variation  in  loadings,  details  and  in  the  unit  strains  allowetl  on  the 
various  members.  In  general,  a  wider  variation  exists  in  the  floor 
system  than  in  the  main  girders.  In  some  specifications  the  floor 
will  be  based  upon  a  fixed  load  per  lineal  foot  of  track ;  in  others  upon 
some  single  type  of  engine;  in  others,  upon  the  maximum  due  to  several 
types  of  engines.  In  my  own  specifications  I  use  a  standard  form  of 
heavy  freight  engine,  and  a  fixed  load  on  two  pair  of  axles  to  cover 
present  or  probable  loads  on  heavy  passenger  engines.  Some  specifica- 
tions call  for  four  stringers  under  each  track;  specifications  also  vary  in 
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he  character  of  the  woodeu  portion  of  the  floor.  In  each  special  case 
there  is  an  opportunity  for  variation,  requiring  the  judgment  of  the 
expert  to  adapt  the  formulas. 

The  author  of  the  pai)er  speaks  as  i)ositivelY  of  the  allowed  strains 
upon  steel  as  in  the  case  of  iron  bridges.  Now,  as  before  remarked,  in 
the  better  classes  of  iron  construction,  experienced  bridge  engineers  are 
ai^proaching  towards  a  general  standard  of  unit  strains  for  the  various 
parts.  But  there  is  no  justification  for  including  steel  in  this  statement. 
Our  experience  and  knowledge  of  the  adaptability  of  steel  for  the 
various  parts  of  a  bridge  are  still  exceedingly  limited.  The  assumption 
of  50  to  75  per  cent,  increase  in  unit  strains  ui^on  steel  over  the  allowed 
unit  strains  on  iron  members  is  entirely  unwarranted  as  yet,  and  most 
certainly  cannot  be  acknowledged  as  '•  standard  for  this  country." 

I  must  take  decided  exception  to  the  inference  conveyed  in  the  first 
two  paragraphs  of  the  author's  jjaper:  That  those  engineers  who  are 
ojiposing  the  use  of  steel  are  in  the  same  state  of  ignorance  as  those  who 
assert  there  is  no  law  (if  there  are  any  such)  governing  the  variation  of 
weights  of  bridges.  Speaking  for  myself,  I  claim  to  have  some  "  ajspre- 
ciation  of  the  rapid  progress  being  made  in  engineering;"  nevertheless 
I  do  oppose  the  present  loose  manner  of  advocating  the  use  of  steel  for 
bridges.  This  is  called  opposing  the  use  of  steel,  but  it  is  an  entirely 
different  thing.  I  believe  steel  to  be  the  coming  material  of  bridges 
and  like  heavy  structures,  biit  it  will  not  become  so  until  the  manufac- 
turers and  users  prove  its  capabilities  for  the  particular  purposes. 

The  steel  men  of  the  day  are  following  blindly  into  the  same  paths 
that  the  iron  men  took  when  iron  bridges  were  first  built— making 
i-laims  far  beyond  its  capabilities,  and  using  it  in  untried  forms.  The 
leading  manufacturers  of  iron  bridges  soon  found  it  necessary  to  deter- 
mine by  actual  tests  what  different  forms  would  best  serve  the  purpose, 
and  what  were  the  capabilities  of  the  material  in  its  different  forms. 
"We  hear  no  more  of  60  000  pounds  iron  and  flat  plates  for  compression 
members. 

Do  the  steel  manufacturers  ai^preciate  that  a  false  step  can  put  back 
for  years  their  possession  of  this  great  field  of  structural  material  ?  The 
danger  is  not  in  our  great  structures,  built  by  intelligent  and  conscien- 
tious engineers,  but  from  the  thoughtless  or  unscrupulous  imitators. 
Light  structures  are  being  built,  in  which  the  compression  members, 
made  of  steel,  are  reduced  to  absolutely  treacherous  limits.     Their  ad- 
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vocates  justify  their  proportions  upon  the  loose  statement  that  steel 
members  are  50  jDer  cent,  stronger  than  iron.  Now,  if  we  may  put  this 
additional  load  upon  tension  members  and  compression  members  that 
must  fail  by  crushing,  there  is  no  evidence  that  the  same  rule  applies 
to  members  failing  by  deflection.  In  fact  experiments  show  that  at  a, 
jDoint  within  the  limits  of  actual  practice,  there  is  no  increase  of  strength 
in  steel  over  iron  for  long  compression  members. 

As  engineers,  it  is  our  duty  to  know  the  capacity  of  the  materials  we 
use,  and  we  have  the  right  to  challenge  these  injudicious  advocates  for 
using  steel  in  this  manner,  for  their  evidence  of  the  increased  strength  of 
steel  over  iron  in  all  its  forms:  actual  tests,  not  assumptions. 

The  President — Gentlemen,  yon  have  heard  the  challenge.  Bear  it 
in  mind. 

Charles  Macdonald,  M.  Am.  Soc.  C.  E — Have  you  any  such  tests 
in  regard  to  iron  ? 

Theodore  Cooper,  M.  Am.  Soc.  C.  E. — Yes,  sir;  we  have  full  tests 
of  all  forms  of  iron — columns,  eye-bars,  etc. ,  but  in  regard  to  steel  we 
have  nothing  as  to  comjiression  members,  and  it  is  simply  jjresumed 
that  steel,  because  it  is  steel — no  other  reason — is  50  jjer  cent,  stronger 
than  iron.  Now,  if  that  is  science,  I  fail  to  know  what  science  is.  I 
have  always  supposed  that  science  was  based  upon  actual  facts,  and  ex- 
periments and  deductions  therefrom.  Now,  is  it  a  scientific  deduction 
that  because  steel  is  stronger  in  tension  than  iron,  it  is  therefore  stronger 
in  compression  ? 

Charles  Macdonald,  M.  Am.  Soc.  C.  E. — I  should  be  sorry  to  see 
an  impression  prevail  that  American  engineers  were  hesitating  aboiit 
the  use  of  steel  in  bridge  construction  on  account  of  a  supposed  lack 
of  experimental  information  as  to  the  strength  or  uniformity  of  that 
material.  As  a  matter  of  fact,  a  very  consideral)le  number  of  tests  have 
been  made  upon  steel  eye-bars  of  varying  sizes,  and  the  results  prove 
beyond  a  question  that  they  are  being  produced  of  a  quality  far  superior 
to  the  best  iron  eye-bars.  Even  Bessemer  steel,  which  has  been  thought 
inferior  to  open  hearth  in  uniformity,  is  now  giving  quite  as  good  results 
as  the  more  favored  material.  In  large  sections  to  resist  comjiression,  as 
in  top   chords  and  end  posts  of  bridges,  we  have  no  more  experimental 
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information  as  a])i)lied  to  iron  than  steel,  and  we  have  a  right  to  assume 
that  where  tiexure  does  not  result  from  compression,  the  strain  per 
square  inch  on  full  sections  in  steel  may  be  taken  at  the  same  ratio  to 
the  unit  strain  for  that  material,  as  would  be  considered  good  practice 
in  the  case  of  iron.  In  long  columns,  as  in  intermediate  posts,  it  would 
be  premature  to  advise  the  use  of  steel  at  present,  by  reason  of  the  com- 
plicating influence  of  flexure.  A  comprehensive  system  of  experiments 
in  tliis  direction  is  urgently  needed,  not  only  for  steel  but  iron  construc- 
tion, and  it  is  greatly  to  be  deplored  that  the  Government  machine  at 
Watertown,  perhaps  the  only  one  in  the  country  upon  which  such  ex- 
l)eriments  could  lie  made,  is  now  fully  occupied  by  what  would  seem  to 
be  very  much  less  important  investigation. 

The  floor  system,  composed  as  it  is  of  plate  girders,  will  not  be  made 
of  steel  until  the  price  of  steel  plates  and  angles  is  reduced  to  an 
equality  with  iron,  Avhich  must  come  at  no  very  distant  date. 

Theodore  Cooper,  M.  Am.  Soc.  C.  E. — My  remarks  have  more  of  a 
bearing  upon  compression  members  than  ujjon  those  for  tensile  strains. 
We  have  a  very  complete  series  of  tests  of  iron  columns  of  full -sized 
members.  There  have  been  made  at  Watertown  a  large  number  of  tests 
of  full-sized  compression  members,  besides  those  made  by  Mr.  Bous- 
caren,  M.  Am.  Soc.  C.  E.,  and  other  individual  tests. 

These  all  show  the  reliability  of  the  proportions  adopted  for  our  iron 
bridge  columns. 

They  exceed  the  theoretical  range  allowed  by  Gordon's  formula.  But 
the  only  tests  we  have  of  similar  forms  of  steel  show  less  strength  than 
iron  columns.  Some  show  only  two-thirds  the  strength  of  similar  ones  in 
iron.  I  have  carefully  collected  such  information  as  possible  as  to  tests 
of  steel  compression  members,  and  I  fail  to  find  any  justification  for 
considering  them  as  proportionately  superior  to  those  of  iron.  I  would 
like  to  know  from  Mr.  Macdonald  if  we  are  justified  in  using  steel  in  the 
top  chord  of  a  bridge  with  14  000  pounds  compression  jier  square  inch, 
why  iron  of  the  same  size  and  form  would  not  be  as  good  ?  We  have  no 
evidence  to  the  contrary. 

Have  you  any  evidence  that  iron  in  the  same  proportions  would  not 
be  fully  as  strong.  Is  there  any  fairness  in  comparing  iron  bridges  with 
y  000  pounds  on  the  top  chords  with  steel  bridges  with  14  000  ?  One  or 
the  other  is  wrong,  in  my  opinion. 
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Mr.  Macdonald. — I  think  your  jioint  is  very  well  taken. 

George  H.  Pegkam,  M.  Am.  Soc.  C.  E.  — Information  has  been  asked 
on  the  process  of  development  of  the  formiilas.  They  are  purely  em- 
pirical; indeed  I  question  the  possibility  of  producing  a  formula  based 
on  theoretical  considerations  alone,  which  would  be  of  any  practical 
value.  Such  a  formula  would  be  very  complicated  and  must  contain 
constants,  the  values  of  which  would  have  to  be  supplied  from  practice, 
and  the  formulas  themselves  checked  on  the  actual  weights  of  finished 
structures.  One  imjiortant  element  of  uncertainty  in  a  theoretical 
formula  is  the  influence  which  the  form  of  the  truss  has  on  the  weight, 
and  which  would  not  be  taken  into  account  in  the  formula.  The  com- 
mon forms  of  trusses — Warren ,  Pratt  and  Whi^iple — will  all  weigh  about 
the  same  at  150  feet  span  for  a  single-track  bridge.  On  both  sides  of  this 
length  they  will  differ.  At  175  feet  the  Whipple  truss  will  weigh  7  per 
cent,  less  than  the  Pratt,  making  a  diiference  of  about  4  per  cent,  in  the 
total  weights  of  the  spans.  Above  this  length  the  difference  will  in- 
crease. 

As  stated  in  the  paper,  all  of  the  weights  given  were  especially  calcu- 
lated, the  weights  of  built  structures  and  previously  prepared  estimates 
being  used  to  check  on.  Having  determined  the  minimum  weights  of 
first-class  spans,  the  development  of  the  formulas  was  a  "  cut  and  fit  " 
process,  subject  to  the  conditions  that  no  variable  should  appear  but  the 
span,  and  that  this  should  be  limited  to  the  square  and  square-root, 
which  may  readily  be  obtained  by  the  engineer  from  tables  at  hand,  or 
in  any  case  would  be  of  easy  determination. 

Mr.  Hughes  has  submitted  a  very  interesting  table  of  weights  of 
structures  which  have  been  built. 

Those  of  50  feet  to  84  feet  truss  spans  are  particularly  interesting  in 
comparison  with  the  plate -girder  spans  of  these  lengths  given  in  the 
paper.  In  the  Whipple  spans,  if  Mr.  Hughes  had  used  160  pounds  per 
foot  for  stringers,  which  he  gives  as  the  weight  for  15  feet  panels,  the 
agreement  with  the  formula  would  have  been  very  close,  the  165  feet 
span  differing  2i^o-  per  cent.,  the  184  feet  being  exact,  and  the  200  feet 
span  differing  but  StV  per  cent.  The  weights,  however,  are  not  suffi- 
ciently consistent  to  entitle  them  to  use  as  a  standard,  and  the  conclu- 
sions drawn  by  Mr.  Hughes  would  seem  to  have  no  basis  in  his  table. 
For  example,  assuming  the  weight  given  for  the  135  feet  span  as  a  basis, 
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a  l-t2  feet  siugle-track  span  would  weigh  135  000  pounds,  to  wliicli  75 
per  cent,  must  be  added  to  give  the  Avoight  of  the  142  feet  double-track 
span. 

Assuming  further  that  a  150  feet  single-track  span  weighs  154  000 
pounds,  or  4  per  cent,  less  than  the  formula,  which  would  seem  consist- 
•ent  with  the  other  weights,  only  60  per  cent,  must  be  added  to  give  the 
weight  of  the  double-track,  150  feet  span.  We  have,  therefore,  in  spans 
differing  only  8  feet  in  length,  75  per  cent,  to  be  added  in  one  ease,  and 
60  per  cent,  in  the  other. 

Without  regard  to  formulas  or  tables,  it  would  be  a  natural  inference 
that  a  sjian  of  double  the  width  to  carry  double  the  load  should  have 
double  the  weight,  but,  in  fact,  the  larger  sections,  permitting  higher 
stresses  to  be  used,  reduce  the  excess  to  about  ninety  per  cent. 

It  is  a  source  of  regret  that  other  tables  have  not  been  submitted,  as 
in  this  way  the  variations  that  might  be  expected  in  the  weights  of  dif- 
ferent designs  and  under  different  conditions  could  be  determined. 

It  is  fair  to  ask  what  discrepancy  should  be  allowed  between  the  es- 
timated and  actual  weights.  In  my  opinion,  the  engineers'  estimates, 
generally  made  before  the  structure  is  completely  designed,  should  not 
be  questioned  when  coming  within  five  per  cent,  for  ordinary  spans. 
In  checking  on  railroad  bridges  previously  built,  still  greater  variations 
may  be  expected.  Eailroads  sometimes  shorten  a  standard  design  with- 
out changing  the  sections,  and  sometimes  lengthen  it,  increasing  sizes, 
but  without  a  i^roper  reproportionment,  in  order  to  expedite  the  work. 
It  most  frequently  occurs,  however,  that  a  difference  between  the 
ac-tual  and  formula  weights,  when  checking  on  existing  structures,  is  oc- 
vasioned  by  the  use  of  what  has  been  termed  "additions  of  doubtful 
utility,"  referring  to  stiff  end  bottom  chords  used  in  excess  of  the  sections 
required,  guard  angles,  devices  for  guiding  a  derailed  train,  etc.  It  was 
not  meant  to  question  the  utility  of  these  parts  by  what  would  now  ap- 
pear to  be  an  unhappy  expression,  as  I  thoroughly  agree  Avith  Mr. 
Whittemore  in  regard  to  them.  But  their  use  is  not  sufficiently  general 
to  be  recognized  in  formulas  such  as  are  proposed,  and  it  was  thought 
best  to  let  them  be  considered  as  extras. 

Three  elements  of  standard  specifications  which  operate  to  limit  the 
reduction  of  weight  are  as  follows: 

First.  — "So  compression  member  shall  have  a  length  greater  than  48 
times  its  least  diameter. 
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Second. — No  plate  in  a  compression  member  shall  have  a  thickness 
less  than  one-thirtieth  of  the  width  between  rivet  supports. 

Tliird. — No  web  plate  shall  have  a  less  thickness  than  |  inch. 

The  latter  cannot  be  said  to  be  general,  but  is  so  frequently  speci- 
fied in  first-class  work,  that  it  was  observed  in  preparing  weights  for  the 
tables. 

Regarding  steel,  strictly  speaking  there  are  no  standard  specifica- 
tions, but  there  is  a  consideraljle  degree  of  uniformity  in  its  use  for  the 
structures  which  have  been  built  in  late  years,  and  which  are  in  course 
of  construction,  and  with  the  attention  now  directed  to  the  subject,  some- 
thing like  a  standard  practice  will  doubtless  soon  be  developed.  In  the 
Plattsmouth  and  Bismarck  Bridges,  steel  was  taken  at  15  000  pounds  per 
square  inch  in  tension,  and  the  same  in  compression,  for  members  under 
sixteen  diameters  in  length.  It  was  not  allowed  in  long  comjiression 
members.  In  other  large  bridges  now  in  course  of  construction,  steel  is 
taken  at  14  000  pounds  in  tension,  the  same  in  compression,  for  mem- 
bers under  sixteen  diameters  in  length,  and  the  usual  column  formula 
for  iron,  with  37^  per  cent,  added  for  lengths  exceeding  sixteen  diame- 
ters. This  might  properly  be  termed  present  practice.  The  only  dif- 
ference from  the  specifications  given  in  the  paj^er  is  in  the  case  of  mem- 
bers over  sixteen  diameters  in  length,  where  I  have  added  50  per  cent. 
to  the  iron  column  formula. 

What  stresses  it  would  be  proper  to  allow  in  compression  can  hardly 
be  determined  from  the  meager  data  which  we  now  have;  but  if  14  000 
pounds  can  be  used  in  lengths  of  sixteen  diameters,  fifty  per  cent,  added 
to  the  iron  column  formula,  which  would  correspond  to  a  numerator  of 
12  000  in  place  of  8  000,  would  not  seem  excessive;  in  fact  published 
tests  would  suggest  that  the  numerator  for  the  column  formula  be  made 
the  same  as  the  unit  stress  for  short  members,  as  in  iron,  where  we 
take  8  000  in  both  cases.  And  in  support  of  this  position  I  shall  refer  to 
the  two  tests  pul)lished  by  Mr.  George  S.  Morison,  M.  Am.  Soc. 
C.  E.,  in  his  book  on  the  Plattsmouth  Bridge,  and  the  experiments 
of  Mr.  James  Christie.  M.  Am.  Soc.  C.  E.,  on  Steel  Struts,  Paper  286, 
Vol.  XIII  of  the  Transactions  of  the  Society. 

What  Mr.  Christie  has  termed  "  hard  steel"  has  0.36  jjer  cent,  of 
carbon,  corresijonding  almost  exactly  with  the  steel  used  in  the  bridges 
referred  to. 

In  treating  of  bridges  we  should  keep  within  the  limits  of  the  mem- 
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bevs  used  in  bridges,  and  it  is  of  no  imporfcum-o  how  the  material  acts 
outside  of  those  limits.  A  length  of  16  diameters  would  correspond  to 
aboiit  forty  times  the  radius  of  gyration,  and  will  not  differ  much  from 
the  usual  top  chords  in  steel  spans.  It  is  doubtful  if  members  will  ever 
be  made  less  than  30  radii  of  gyration  in  length.  The  upper  limit  would 
be  48  diameters,  corresponding  to  about  125  radii.  This  limit  would 
never  be  exceeded  and  rarely  reached.  The  question  is:  AVhat  will  steel 
struts  do  between  40  and  125  radii  in  length  ?  From  the  table  given  by 
Mr.  Christie  on  page  265,  Vol.  XIII,  as  the  results  of  his  experiments,  it 
appears  that  the  excess  of  strength  of  hard  steel  struts  over  iron  at  40  radii 
is  55  per  cent. :  at  80  radii,  65  per  cent. ;  and  at  120  radii,  52  i)er  cent. 

From  the  two  tests  made  by  Mr.  Morison  for  Plattsmouth  Bridge, 
which  are  especially  valuable  from  the  care  with  which  they  were  made, 
and  the  minute  description  given  of  them  in  his  iJublished  work,  it  ap- 
pears that  the  same  results  cannot  be  exi)ected  in  a  riveted  member  that 
obtain  in  the  single  piece. 

The  steel  was  specified  to  contain  0.35  percent,  of  carbon,  and  to 
have  an  ultimate  strength  and  elastic  limit  of  80  000  pounds  and  50  000 
pounds  per  square  inch  respectively.  One  column,  34  radii  in  length, 
failed  at  52  890  pounds  per  square  inch,  corresponding  to  the  elastic 
limit  of  a  tension  member,  and  showed  biat  32  per  cent,  more  strength 
than  an  iron  column  of  the  same  size  and  construction,  tested  at  the 
same  time. 

The  other  test  was  on  an  iron  column  of  the  same  lateral  dimensions, 
9  radii  in  length,  which  failed  at  46  474  pounds  per  square  inch. 

This  latter  column  is  shorter  than  would  ever  be  used  in  practice, 
and  the  first  is  well  within  the  limits  of  16  diameters.  It  Avould  there- 
fore seem  unwise  to  make  a  distinction  between  the  stresses  in  long  and 
short  columns  until  it  is  developed  by  tests.  It  seems  probable  that  new 
formulas  will  be  required  for  steel,  and  that  the  stresses  will  be  reduced. 

Prof.  A.  J.  l)v  Bois,  Jun.  Am.  Soc.  C.  E.  — While  it  Avould  be  in- 
correct to  assert  that  there  is  no  law  governing  the  variation  of  the 
weights  of  iron  and  steel  bridges,  it  would,  I  think,  be  safe  to  say  that 
such  law  can  only  be  imperfectly  represented  within  very  narrow  limits 
by  any  formula  in  which  the  only  variable  quantity  is  the  length  of 
span.  As  the  Aveight  is  alVected  not  only  by  si:)an,  but  also  by  depth, 
width,  panel  length,  wind-bracing,  liooring,  and  live  load  assiamed,  any 
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formula  which  assumes  all  these  as  constant,  must  be  of  very  limited 
application.  Mr.  Pegram  has  but  imperfectly  met  a  portion  of  this  ob- 
jection by  working  out  constants  for  three  different  cases  of  loading. 
Even  then  he  finds  it  necessary  to  have  a  second  formula  for  bridges 
over  200  feet  span.  Although  his  calculated  results  agree  well  with  the 
actual,  it  is  not  apparent  that  they  would  agree  eqiially  well  for  different 
ratios  of  depth  to  span,  and  they  certainly  would  not  for  varying  floor 
systems  and  live  load. 

It  has  seemed  to  me  that  the  i)referable  and  more  rational  way  w'ould 
be  to  start  with  the  floor  system,  and  estimate  its  weight  separately,  as 
may  be  easily  and  accurately  done,  in  any  given  case,  according  to  the 
specification  for  the  bridge  in  question.  The  wind-bracing  can  next  be 
estimated.  Then  the  weight  of  main  girders.  Lastly  the  total  weight. 
A  series  of  formulas,  which  will  enable  one  to  do  this,  would  be  free 
from  the  above  objections.  Such  a  method  would  enable  a  very  close 
approximation  to  be  made  in  any  special  case,  according  to  the  actual 
conditions  of  that  case;  and  even  for  the  same  span,  would  be  accurate 
enough  to  show  the  influence  of  any  change  in  jjanel  length,  depth,  live 
load,  width,  or  floor  system.  Such  a  method  would  apply  to  all  lengths 
of  si^an,  and  to  steel  or  iron,  or  part  steel  and  iron  or  wood.  I  appre- 
ciate fully  the  labor  and  ability  involved  in  Mr.  Pegram 's  paper,  and  it 
is  only  fair  to  say  that  his  formula  seems  to  give  better  results  than  any 
of  the  kind  heretofore  proposed.  I  have  thought,  therefore,  that  the 
best  criticism  would  be,  to  give  in  this  connection  a  method  such  as 
that  which  I  have  alluded  to. 

This  method  involves  the  use  of  only  two  simple  formulas.  I  have 
applied  it  to  spans,  actually  executed,  varying  in  length  from  17-foot 
plate  girders,  to  a  400-foot  Pratt  truss,  with  uniformly  accurate  results. 
Thus,  for  Bridge  No.  41,  Northern  Pacific  Railroad,  by  Kellogg  & 
Maurice,  153  feet  span,  I  find  the  weight  171 513  poiinds,  as  against 
158  493  actual,  or  8  per  cent,  excess.  For  a  span  of  same  leugth  in  the 
<^uincy  Bridge,  by  Clarke,  I  find  150  612  pounds,  as  against  148  592 
pounds  actual,  a  difference  of  only  l-fy  per  cent,  excess.  Now,  here  are 
two  bridges  of  the  same  span,  but  of  very  diflerent  construction,  and  our 
method  takes  account  of  such  diflerence.  Again,  for  span  5  of  the 
<^uincy  Bridge,  197^  feet  span,  I  find  227  689  pounds,  as  against  224  400, 
a  diflerence  of  1-ro  per  cent,  excess. 

For  span  1  of  the  Quincy  Bridge,  247  feet  span,  I  find  348  764  pounds. 
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as  against  347  126,  a  difference  of  only  iV  of  1  per  cent.  For  the  Bis- 
marck Bridge,  by  Morison,  400  feet  span,  I  find  by  the  same  method 
1  030  800  pounds,  as  against  975  356,  a  diflference  of  5  per  cent,  in  excess. 
Yet  this  is  part  steel  and  part  iron,  and  of  very  different  construction 
from  the  Quincy  Bridge.  Again,  for  the  Plattsmonth  Bridge,  by  Mori- 
sou,  span  200  feet,  I  find  269  600  pounds,  as  against  270  387  pounds,  a 
difference  of  only  787  pounds;  while  for  one  of  the  plate  girders  of  the 
Plattsmonth  Bridge  Viaduct,  span  30  feet,  I  find  3  719  pounds,  as  against 
3  489,  a  difference  of  only  230  pounds. 

If  these  examples  can  be  taken  as  any  indication,  it  would  seem  that 
the  method  leaves  little  to  be  desired.  I  am  unable  to  ai:)ply  it  to 
any  of  Mr.  Pegram's  cases,  as  the  necessary  data  as  to  depth,  width, 
panellength,  floor  system,  etc.,  are  not  known  for  the  several  cases.  If 
he  will  apply  it  himself,  I  anticipate  that  he  will  report  favorably.  The 
method  is  neither  tedious  nor  abstruse. 

I  will  now  give  the  formulas  and  ajjply  them  to  the  eases  above  cited, 
and  then  close  by  giving  the  development  of  the  formulas  themselves, 
showing  that  they  are  perfectly  rational  in  form. 

For  pliite  ijirders — 

Let  W  =  the  total  external  load  in  pounds. 
TFi  =^  weight  of  a  plate  girder  in  pounds. 
I  =  clear  span  in  feet. 
d  =  dejith  of  plate  girder  in  inches. 
r  =^  ratio  of  span  to  depth,  T)oth  in  same  unit. 
S  =  allowable  unit  stress,  in  pounds  per  square  inch. 

Also/or  inissef! — 

Let  w  1  =  total  live  load  per  foot  of  truss  in  pounds,  for  one  truss. 
iTo  =  weight  of  floor,  ties,  planks,  rails,  spikes,  etc.;  also  of 
floor  beams,  floor  stringers,  and  wind-bracing  per  foot 
of  truss,  in  pounds  for  one  truss. 
W;i  ^  weight  of  one  truss  in  pounds  per  foot. 
d  =  depth  of  truss  in  feet. 
p  =  panel  length  in  feet. 
Then  we  have  for  the  weight  of  a  plate  girder,  consisting  of  riveted 
plate  and  angles,  with  connections, 

Wlr^2dSl 
1.2  S— I  r 
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and  for  the  weight  of  one  truss  in  pounds  per  foot  run 

_  ("-1  +  W2)  [l  —  p)  r  +  20  ^  r/ 
"'•■'  "  177515^^;  /• 

These  two  simi3le  formulas  will  enable  us  to  estimate  very  closely, 
and  with  but  little  work,  the  weight  of  any  iron,  or  iron  and  steel 
Pratt  truss,  double  or  single  intersection,  for  single  or  double  track, 
and  for  any  panel  length,  depth  or  span. 

We  may  estimate  wind  bracing  by  the  formula,  weight  per  foot  run 

-        .    1,        .             I    ,    1600 
for  wind  bracing  =  — -j — 

Example  1. — Bridge  No.  44,  Noethekn  Pacific  Kailroad,  by  Kellogg 

&  Maurice. 

Span  =  153  feet;  depth  =  26  feet;  width  =  15  feet;  panel  length  =  17 
feet;  /•  =  6. 

In  this  case  the  weight  of  ties,  planks,  rails,  spikes,  etc.  =  370 
pounds  per  foot,  or  6  290  pounds  per  panel. 

The  floor  is  supported  by  plate  girder  stringers  and  floor  beams. 

1.  Weif/J/f  of  iron  stringers  : 

I  =  17  feet;  d  =  28  inches;  ?•  =  7.3;  5  =  8  000  pounds. 
The  stringers  were  calculated  for  a  live  load  ^=  51  000  pounds. 

Weight  of  floor  =    3  145 

54  145       "       =  W 
Hence  the  Aveight  of  one  stringer  is 

^,        54  145x17x7.3  +  2x8000x28x17       ,  „„  , 

W'  = ^ 1  512  pounds. 

1.2  X  8  000  —  17  X  7.3  I  g20  =  actual. 

2.  Weight  of  iron  floor  beams  : 

I  =  15  feet;  <l  =  36  inches;  ?•  =  5;  <§  =  8  000  pounds. 
The  floor  beams  were  calculated  for  a  live  load  =  81  600  jjounds. 

Floor  =    6  290       " 

2  stringers  =    3  024      " 

90  914      " 
Hence  the  weight  of  one  floor  beam  is 

_  90  914  X  15  X  5  +  2  X  8  000  X  36  X  15  _       ^q 
1.2X8000-15X5     ^^,^^^1   -1728 

153   ,  1  600       ^_  ^  „     ^         ,     .       _^ 

3.  Wind-braciNg  =  -^  +  j^  =86  pounds  per   foot;   actual  =  7< 

pounds. 
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4.  Wei'iht  of  viaiii  ^jirder. — The  unit  stress  assumed  is  10  000  pounds, 
and  the  live  load  2  240  pounds  per  foot.    Hence  5  =  10  000,  w^  =  1  120. 

To  find  (/'i.  we  have  8  tloor  beams  at  1  623  =  12  984 

18  stringers  at       1  512  =  27  216 

153)40  200 

263  pounds  per  foot. 
Wind-bracing     86 
Floor  870 
2)719 
360  pounds  =  w.. 
We  have  then   n\  -\-ir.,  =  1  480;  and  hence  the  weight  of  one  main 

truss  is 

1480  X  136  X  6  -f  20  X  10  000  x  26      ^„^  ,  ,     , 

""3  = r-?^5 , ^  '     r^Ti 3 =  386  pounds  per  foot. 

1 .75  X  10  000  - 153  X  6  ggg  i  ^^tiial! 

5.  Total  Weiffht  of  lrn)i.—\\e   have  now  for   the  two  main 
trusses =     772 

Wind- bracing =       86 

Floor  beams  and  stringers =     263 

1  121 
And  hence  total  weight  =  1  121  X  153  =  171  513 

158  493  =  actual. 
Difference  =  13  020  =  8  per  cent,  in  excess. 

Example  2. — Span  7  of  Quincy  Bridge.     By  Claeke. 

Span  =  154  feet;  depth  =22  feet;  width  =  14  feet;  panel  length  =  11 
feet;  r  =  7;  weight  of  floor  =  300  pounds   per  foot;  weight  of  iron  floor 

beams^  1  000  pounds;    *S=  10  000;  w^  ==^4-  =  1  250. 

Here,  since  the  entire  floor  system  is  given,  we  have  26  floor  beams 
at  1  000  =  26  000,  or  169  pounds  per  foot. 

^.    -  ,       .  154  ,  1  600      „^       „  169  4-87-1-  300       „„„ 

Wmd-bracmg  =  -^+-tei-  =87.      Hence ^-77-^ =278  = 

2  154  2t 

If.,,  and  "•,  4-  (r,  =1  528.     Hence 

_  1  528  X  143  X  7  +  20  x  10  000  x_22  _ 

"'■''  ~  1 .  75  X  10  000  — 154  X  7.  ~ 

For  the  total  weight  we  have  then  (722 

4-87+;i69)  154 =  150  612  pounds. 

Actual =  148  592       " 

Difference , =     2  020  =  1-,'u  per  cent. 
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Example  3. — Span  5,  Quincy  Bridge. 

Span  =  197^  feet;  depth  =  24  feet;  -width  =  14  feet;  panel  length  =^ 
12ifeet;  r  =  8.22. 

Same  floor  as  preceding.      <S'=10  000,   »",=1250,   as  before.      30' 

floor  beams  at  1  000  =  30  000,  or  152  pounds  per  foot. 

TIT-    1  u       •  197.3  ,  1600      ^_  ,  „     , 

Wmd-bracmg  =      o     +  ToT^  ~         pounds  per  loot. 

_          152  +  106  +  300      ^__  1,1  (.OQ 

Hence — x — =  279  =  //■  ^ ,  and  ir  i  +  »- .,  =  1  529. 

1529x185x8.22  +  20x10  000x24      ,._  ,  „     ^ 

"  ■'  =       1.75  X  10  ooo-ml3:xX22r—  =^^  1'"'^"^^'  P^'"  ^°^'  P'^^ 

trnss. 

For  the  total  weight  we  have  (896  + 106  + 

152)  197^ =  227  689  pounds. 

224  400  =  actual. 


Difference =     3  289  =  Inr  per  cent . 

Example  4. —Span  1,  Quincy  Bridge. 

Span  =  247  feet;  depth  =  26  feet;  width  =  14  feet;  panel  length  = 
13  feet;  r  =  9. 5. 

Same  floor  as  preceding.  /S'=10  000,  yrx=1250,  as  before.  36 
floor  beams  at  1  000  =  36  000  pounds  =  146  pounds  per  foot. 

Wind-bracing  =         +  =  130  pounds  jser  foot. 

146  +  130  +  300      _„„  ,  ,  _„„  ^„Q 

Wo  = — ^ — =  288,  "■  1  +  »'o  =  1  5.38,  ir-j  =568. 

Total  weight  =  (1  136  + 130  + 146)  247  =  348  764  pounds. 

347  126  =  actual. 


Difference =     1  638  =  -i\,  per  cent. 

Example  5. — Bismarck  Bridge,    by  Morison. 

Span  =  400feet;  depth  =  50  feet;  width  =  22  feet;  panel  length  =25 
feet;  r  =  8. 

Floor  =  450  pounds  per  foot  =  11  250  per  panel. 

1.  Weight  of  Iron  Stringers. — /  =  25  feet;  rf  =  30  inches ;  r  =  10;  5'= 
8  000;  live  load  =  50  000.  Hence  TF=50  000  +  5  625  =  55  625,  and  TF'  = 
2  770  pounds.  The  weight,  as  computed  from  the  dimensions,  is  2  657 
pounds. 
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2.  Wt'i;//ttu/  Iron  Floor  Beams.— 1=^22  feet;  r/=:40  inches;  ;-  =  6.6; 
5=8  000;  live  load  =  100  000.  Hence  W=  100  000  +  11  250  +  5  540  = 
116  790,  and  IT'  =3  281  pounds.  The  weight,  as  computed,  is  2  791 
pounds. 

400      1  600      ,^,^ ,  ,  »     . 

3.  Win<l -  britciiuj  =  -^  +  -Jqq-  =  204  pounds  per  foot. 

4.  Wi'-ujld  of  Main    Ty^ss.— xS=10  000,   w,  =  -g-^l  0^0. 

15  floor  beams  at  3  281  =   49  215  pounds. 
32  stringers   at     2  770=   88  640      " 

137  855,  or  345  pounds  per  foot. 

„                     345  +  204  4-  450      _^„  ,  ,  ,  .  ^nn 

Hence    «-2=    — -     ^       =500    pounds,  and    w  ^  -\-  ir  ^  -=  I  500 

pounds. 

Hence  w^  =1  014  pounds  per  foot  per  truss. 

5.  Weiijld  of  Iron.— Vie  have   then  (2  028 

-1-345-1-204)  400 =1  030  800  pounds. 

Actual =     975  356 

Difference =      55  444  =  5  per  cent . 

Example  6. — Plattshouth  Bridge,  by  Mokison. 

Span  =  200  feet;  depth  =  30  feet;  width  =  16  feet;  panel  length  =  25 
feet;  r  =  6f .     Floor  =  460  pounds  per  foot  =  11  500  joounds  per  i)anel. 

1.  ^ei;/hf  of  Iron  Stringers. — Same  as  before  =  2  770. 

2.  Wei(///t  of  Iron  Floor  Beams. — /  =  16  feet ;  </  =  38  inches  ;  r  =  5; 
S=H 000  ;  live  load  =  100  000.  Hence  W=  100  000  +  11  500  +  5 540  = 
117  040;  and  W  =  2  005  pounds. 

Q     TT/-     ;;        •  200    ,  1600       ^-^  .  .     ^ 

3.  Wuxl-hnicinfj  =  — — |-    -        =  108  pounds  per  foot. 

4.  Wei'ihl  if  Main  Trus:<.—S=lO  000,  ir^=\  000. 

7  floor  beams,  at  2  005  =  14  035 

16  stringers,  at      2  770  =  44  320 


58  355  or  292  pounds  per  foot. 
^  =430  and  »•, 
Hence  M'3  =474  isounds  per  foot  per  truss. 


Hence  ,.,  ^^^2+ 108 +  460  ^^3^;,^^,  „.^  ^  __.  _^^^^^_ 

2t 
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5.    Weif/ht  of  Iron  —;- 

We  have  then  (948  -f  292  +  108)  200=  269  600  pounds. 

270  387  actual. 


787  =  difference. 
The  above  examples  are  sufficient  to  show  the  scope,  ease  and  accu- 
racy of  the  method.     Let  us  now  demonstrate  the  forniulass  used. 

Demonstration  of  Formulas. 

1.  For  Plate  Girders. — The  moment  at  center  of  span   for  a  plate 

(W-\-  TTM/, 
girder  is Dividing  by  the  depth,  we  get  the  strain  in  a 

o 

flange.     Dividing  again  by  S,  we  get  the  area  of  a  flange ;  multiply  by  2, 
and  we  have  the  area  of  both  flanges. 

Hence,  since  — —  =  r 
a 

Area  of  flanges  =  ^ j-^ 

The  weight  per  foot  for  iron  is  found  by  multiplying  by  \^ 

(W-\-  TFM  Ir 

Hence,  the  total  weight  of  flanges  =  '^ ^ 

1 . 2  o 

The  area  of  the  web  is  '/  /,  if  /  =  thickness  in  inches.  The  weight  per 
foot  is  then  — ^ ,    and 

Total  weight  of  web  =       -  — 

o 

Add  the  weight  of  flanges  and  web  and  piit  the  sum  equal  to  W^  and 
solve  for  TF\  and  we  have 

_  Wlr-\-4:S(ni 
1.2*?—/;- 
Now,  in  practice,  i  is  nfvor  less  than  ^  inch,  and  seldom  exceeds  |  inch. 
To  allow  for  connections,  let  us  take  f  =  ^  inch,  and  we  have 

Wlr-^2Sdl 

~     1.2  S  —  /  r     ^  ■'' 

Which  is  the  formula  we  have  used  for  plate  girders.  It  gives,  as  we 
have  seen,  in  every  case  a  very  close  estimate. 

2.  For  Main  Tniffsen. — The  total  w^eight  on  a  truss,  according  to  our 
notation,  is  (/''i  +  Co)  ( /  — jf)  +  v-^  1,  because  one-half  a  panel  at  each 
end  does  not  come  on  the  truss.  The  moment  at  the  center  of  span 
is  then 
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[(>Oy-i-»,,)  {/-p) -^  a:,  l\.  I 
8 
Dividing  as  before  by  (/  and  S,  and  multiplying  by  2,  we  have  for  the 

weight  of  flanges  per  foot,  =  ^  -^h^ 

where  ^4  is  a  constant.  In  the  case  of  a  j^late  girder  A  is  1.2,  l)nt  for 
a  truss  with  long  panels  A  will  be  difterent,  by  reason  of  material  re- 
quired for  stiflening  long  struts,  and  the  fact  that  the  area  of  flanges  is 
not  constant. 

By  comparison  with  executed  examples,  we  find  A  to  be  for  a  Pratt 
truss  about  1.75. 

We  have  also  for  the  web — weight  of  web  per  foot  =  G  d,  where  (7  is  a 
constant.  Adding  the  weight  of  flanges  and  web,  and  equating  to  M'3  we 
have 

_[w,  +  u'.){l-iy)r  +  ACSd  , 

"'-  AK-lr  ^^^-^ 

Fi'om  a  number  of  calculated  examples,  we  have  determined  the 
following  values  for  A  and  A  C. 

Pratt  Truss.        Post  Truss.        Triangular  Truss.       Riveted  Lattice. 

A=         1.75  1.5  1.6  1.2 

A  C=     20  20  16  13 

We  have  used  the  first  values  in  all  the  preceding  examples. 

It  is  easy  to  deduce  in  similar  manner  for  rectangular  wood  beams 
used  as  floor  stringers, 

^^^ (III.) 

3.55  6'  — Zr  ^        ' 

which  may  be  used  for  pine  stringers.     Or  generally 

W  /  r 

w^=  , ":''.  (IV.) 

J  y 

where  y  is  the  weight  of  12  cubic  inches  of  the  material. 

It  appears  to  me,  from  the  accuracy  of  the  preceding  examples,  that 
the  method  and  formulas  here  given  allow  of  a  very  accurate  estimate  of 
the  weight  of  a  bridge,  whether  railway  or  highway.  The  method  is 
simple  and  rapid.  It  takes  account  of  all  the  variables  upon  which  the 
weight  really  depends,  and  accommodates  itself  to  varying  practice  and 
specifications. 

George  H.  Pegram,  M.  Am.  Soc.  C.  E  —  Prof.  DuBois  proposes  to 
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determine  the  weight  of  a  span  by  a  series  of  formulas  involving  five 
distinct  and  rather  laborious  operations,  which  require  the  exercise  of 
about  as  much  skill  as  the  ordinary  detailed  calculations.  The  formulas 
are  admittedly  a^jproximations,  and  contain  several  constants  derived 
from  i^ractice  which  it  is  not  clear  would  be  constant  for  all  construc- 
tions, and  the  bases  of  which  are  not  given.  It  is  questionable  whether 
it  would  not  be  better  to  spend  more  time  and  determine  the  exact  weight 
in  the  usual  manner.  This  will  be  governed  somewhat  by  the  degree 
of  approximation  obtained  by  the  use  of  the  formulas. 

The  examples  given  are  not  suflBcient  to  show  this.  The  first,  a  153- 
foot  span,  for  the  Northern  Pacific  Kailroad,  differs  eight  per  cent.; 
the  next  three  are  all  spans  from  the  Quincy  Bridge,  in  which  the  weight 
of  the  floor  is  apparently  taken  from  the  bridge,  the  trusses  and  wind- 
bracing  only  being  calculated  by  the  formulas.  These  weights  check 
well.  The  fourth  and  fifth  examples  are  from  the  Bismarck  and  Platts- 
mouth  Bridges,  in  which  steel  chords  were  used  at  a  stress  of  15  000 
pounds  per  square  inch,  while  Prof.  DuBois  seems  to  have  taken  the 
stress  at  10000  pounds.  Their  agreement  with  the  actual  weights 
would,  therefore,  rather  disprove  the  formulas.  The  only  examples 
which  really  support  them  are  the  three  spans  of  the  Quincy  Bridge, 
which,  as  I  have  shown,  are  not  completely  worked  out.  The  partial 
check  on  one  bridge  built  so  long  ago  is  not  conclusive. 

The  advantages  which  Prof.  DuBois  claims  that  these  formulas  have 
over  those  which  I  have  proposed,  are  provision  for  the  variations  of 
the  live  load,  the  floor,  the  wind-bracing,  the  width,  the  panel  length, 
and  the  depth.  The  present  use  of  two  engines  followed  l)y  a  train 
renders  the  live  load  a  difficiilt  element  to  provide  for.  Equivalent 
uniform  loads  for  the  same  train  may  vary  from  6  000  pounds  to  3  000 
pounds  per  lineal  foot  according  to  the  length  of  span.  To  use  a 
formula  depending  on  a  uniform  load,  it  would  be  necessary  to  first 
determine  what  this  load  should  be,  which  I  cannot  see  that  Prof. 
DuBois  has  attempted.  In  giving  four  classes  of  loading,  I  have  en- 
deavored to  meet  this  requirement,  for  it  is  improbable  that  there  will 
be  any  case  of  loading  that  cannot  be  brought  under  one  of  the  classes, 
and  in  the  case  of  a  very  different  class  of  loading,  a  value  for  the 
constant  in  the  formula  may  be  readily  determined.  There  is  so  much 
uniformity  in  the  floor,  wind-bracing  and  widths  of  bridges,  that  special 
calculations  would  seem  an  unnecessary  refinement.     The  number  of 
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panels  ■within  the  ordinary  liniits  will  not  materially  affect  the  total 
weight.  The  depth  is  the  only  element  of  those  given  which  would 
make  much  difference,  and  I  believe  that  practice  is  sufficiently  uniform 
to  make  it  an  unnecessary  factor  of  the  formula. 

Prof.  A.  J.  DrBois.  Jun.  Am.  Soc.  C.  E.  —  I  do  not  think  that 
the  five  distinct  operations  involved  in  the  method  I  propose  will  be 
found  laborious  compared  to  the  ordinary  detailed  calculations.  Three 
of  these  oi)eratious  involve  the  determination  of  the  stringers,  floor 
beams,  and  wind-bracing.  These  can  be  easily  and  quite  accurately 
determined  in  accord  with  any  given  specification,  and  as  they  make  ;ip 
more  than  half  the  dead  load,  it  is  advantageous  to  find  them  sej^arately 
and  not  have  them  included  in  one  formula  whose  only  variable  is  the 
length.  The  weight  of  main  girder  is  then  easily  found,  and  the  fifth 
oiDeration  is  simply  summation  of  preceding  results.  This  procedure 
is  rational,  and  the  formulas  used  are  strictly  rational  in  form.  All  of 
the  varying  given  data  have  their  due  weight,  and  the  result  holds  for 
the  actual  case  in  hand,  not  for  one  of  four  specifications.  Bat  two 
constants  have  to  be  determined,  by  using  two  given  structures,  and  the 
method  then  holds  good  for  single  and  double-track  railroad  bridges  and 
for  highway  bridges  as  well,  for  any  moving  load  which  may  be  desired. 
It  seems  therefore,  preferable  to  Mr.  Pegram's  in  scope.  Mr.  Pegram's 
formulas  are  purely  empirical,  and  limited  by  the  specifications  adopted 
and  the  class  of  structure,  as  well  as  by  depth,  width,  panel  length,  etc. 
In  the  sense  that  my  two  constants  must  be  determined  for  the 
class  of  structure  under  consideration,  my  formula  is  approximate,  but 
only  in  this  sense.  From  two  executed  examples  these  constants  are 
easily  found.  It  is,  I  think,  evident  that  these  constants  are  the  same 
for  the  same  class  of  structure. 

Mr.  Pegram  undervalues,  I  think,  the  examples  given.  The  first  two 
are  bridges  of  the  same  span,  but  btiilt  under  very  different  specifications. 
My  method  gives  a  close  result  for  each,  according  to  those  specifica- 
tions. Mr.  Pegram's  Avould  give  the  same  result  for  both,  ignoring  their 
difference.  The  weight  of  fioor  is  taken  as  specified  in  each  case,  so  also 
the  live  load  in  all  the  cases.  The  Bismax'ck  and  Plattsmouth  Bridges 
show  that  it  it  not  necessary  to  deduce  new  constants  for  part  iron  and 
steel.  It  would  be  out  of  place  for  me  to  determine  equivalent  uniform 
loads,  because  in  each  case  I  take  an  executed  structure,  assume  the  load 
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in  accord  with  wliicli  the  structure  was  designed,  aud  compare  the  result 
with  the  actual  weight.  Mr.  Pegram  may  assume  any  load  he  pleases, 
and  my  method  will  give  him  the  corresponding  weight  in  accordance 
with  any  practice  as  to  floor  system  and  wind-bracing.  There  is  not,  I 
think,  such  uniformity  in  depth  as  to  make  a  formula  which  ignores  it 
reliable  in  all  cases,  still  less  such  uniformity  in  floor  system  and  wind- 
bracing. 

Mr.  Pegram's  method  would  require  a  series  of  formulas  and  con- 
stants to  fit  it  to  all  the  cases  which  mine  easily  covers.  But  I  do  not 
wish  to  be  understood  as  undervaluing  his  formulas.  Properly  used 
within  the  limitations  proper,  they  appear  to  be  the  best  empirical 
formulas  yet  given.  The  objections  I  have  stated  are  those  common  to 
all  formulas  of  this  character,  and  the  advantages  claimed  for  my  own 
are  those  possessed  by  all  rational  formulas. 

For  a  single-track  railway  Pratt  truss,  executed  in  accord  with  Mr. 
Pegram's  specifications,  his  formulas  will  undoubtedly  give  readily  a 
sufficiently  accurate  weight.  Outside  of  those  specifications,  and 
especially  for  other  classes  of  railway  bridges,  and  for  highway  bridges, 
they  have  no  application.  I  should  be  satisfied  if,  in  this  supplementary 
way,  mv  method  may  be  found  serviceable,  and  if,  as  I  have  suggested, 
Mr.  Pegram  should  think  it  worth  while  to  test  my  method  by  the 
numerous  cases  he  has  already  worked  out,  the  necessary  data  for  which 
are  not  available  to  me. 

Geo.  H.  Pegram,  M.  Am.  Soc.  C.  E. — I  have  checked  Pr^f.  Du 
Bois'  formulas  by  the  data  on  which  my  formulas  are  based  with  results 
as  shown  in  the  following  tables : 
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Total  Load, 

Formula 

Actual 

Span. 

Depth. 

ExCLttSIVE    OF 

Weight  of  One 

Weight  of  One 

Ft. 

GlEDEK. 

GlKDER. 

GlKDER. 

Feet. 

In. 

*2U 

2 

0 

68  700 

2  110 

2  645 

*30 

3 

0 

96  000 

4  594 

4  871 

40 

3 

6 

110  000 

7  772 

7  818 

40 

4 

0 

110  000 

7  554 

7  824 

50 

4 

6 

130  000 

11  786 

11835 

50 

5 

0 

130  000 

11  550 

11  822 

60 

5 

0 

144  000 

16  714 

16  432 

60 

5 

6 

144  OOO 

10  .307 

16  614 

70 

6 

0 

156  870 

21  962 

21  117 

80 

6 

(t 

172  000 

29  446 

28  535 

80 

7 

0 

172  000 

28  097 

28  114 

*  Without  stiflfeners,  as  these  spans  are  sometimes  built  for  stringers,  the  formula  weight 
would  be  very  close. 

All  weights  and  loads  are  in  pounds.  The  stress  is  the  average  of 
the  stresses  for  top  and  bottom  flanges  =  9  000  pounds.  The  live  load 
is  the  equivalent  uniform  load  for  class  T,  with  i)erceutage  for  impact 
added  as  required  by  the  specifications. 

TABLE  No.  6.— For  Iron  Trusses. 


Class 

Load  Per 
Foot,    Ex- 

Formula 

*ACTUAL 

Per  Cent. 

Spak. 

Depth. 

Panel. 

Stbess. 

OF  Lite 

Weight    of 

Weight    of 

OF 

Load. 

Truss. 

One  Truss. 

One  Truss. 

Difference 

Ft.  In. 

Ft. 

In. 

Ft. 

In. 

M 

1  820 

.34  IVl 

23  658 

104    0 

24 

0 

17 

4 

8  800 

C 
T 

2  000 
2  090 

1675 

34  632 
34  798 

59  400 

•24  458 
25  074 

46  032 

) 

150    0 

25 

0 

16 

8 

8  800 

C 
T 

M 

1  844 
1  950 

1  565 

60  7.50 

61  6150 

101  233 

49  628 
52  627 

85  131 

+  22A 

201     6 

28 

0 

16 

9| 

8  800 

C 
T 

M 

1  776 
1946 

1605 

105  2H3 
108  608 

267  680 

93  626 
100  283 

273  671 

-  12tV 

320    0 

34 

0 

20 

0 

9  000 

C 
T 

1  798 

2  088 

281  088 
301  632 

299  718 
302  206 

-    6.% 

255    6 

29 

0 

18 

3 

8  900 

T 

1  943 

168  364 

185  558 

-    9ft 

38 

0 

18 

3 

8  90O 

T 

1943 

181  405 

174  945 

+    3^ 

•  These  weights  do  not  include  bed-plates,  end-shoes  and  rollers,  which  for  one  truss 
will  be:  for  104  feet  span.  1  8o0  pounds:  150  feet  span,  2  000  pounds:  201]  feet  span,  3  400 
pounds;  255J  feet  span,  3  900  pounds;  and  320  feet  span,  4  5u0  pounds.  It  is  not  clear  whether 
Prof.  Du  Bois  wishes  these  included,  otherwise  he  makes  no  provision  for  them. 
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The  formulas  admit  of  much  readier  application  thau  would  be  in- 
ferred from  their  comj^lex  appearance.  The  results  for  girders  are  all 
that  could  be  asked.  For  trusses  the  formula  gives  very  good  approxi- 
mate results  for  spans  over  200  feet;  but  neither  the  girder  nor  truss 
formula  gives  proper  variations  for  different  depths  and  loads. 

For  example,  an  80  foot  plate-girder  7  feet  deep,  actually  weighs  421 
pounds  less  than  one  6  feet  deep,  whereas  the  formixla  difference  is  1  349 
pounds;  and  a  255|-foot  span,  38  feet  deep,  should  weigh,  by  formula, 
13  041  pounds  more  tlian  one  29  feet  deep,  whereas  it  actually  weighs 
10  654  pounds  less,  a  total  difference  of  23  659  pounds,  or  about  13 
per  cent. 

As  regards  loads,  the  difference  in  weight  between  a  201^ -foot  truss 
for  class  T  and  one  for  class  M,  is  by  formula  7  500  pounds,  while  ac- 
tually it  is  double  that  amount. 

The  255^-foot  span  has  been  completely  worked  out  for  panels  of 
18.25  feet,  21.3  feet,  and  25.5  feet  respectively,  and  the  greatest  differ- 
ence in  total  weights  found  to  be  about  Ij  per  cent. 

The  formula  for  bracing  gives  very  good  approximate  results,  except 
in  girder  spans,  where  any  excess  may  be  due  in  a  measure  to  the  angle- 
iron  bracing.  On  the  whole,  I  believe  the  formulas  will  be  found  very 
useful  and  sufficiently  exact  for  the  purposes  for  which  they  will  gener- 
ally be  used,  except  in  the  trusses  under  200  feet  span,  which,  I  should 
think,  might  be  brought  into  line  by  some  modification. 

They  do  not,  however,  possess  the  advantages  over  mine  which  Pro- 
fessor DuBois  claims  in  variations  for  depth,  live  load  and  panel  length, 
and  in  conclusion,  I  would  repeat  what  I  have  said  on  a  former  occasion, 
that  the  panel  length  will  not  materially  affect  the  total  weight,  and  there 
is  not  enough  difference  in  practice  in  widths  and  depths  to  require  that 
they  should  be  factors  in  a  formula  for  total  weight. 

J.  S.  Elliott,  C.  E.— Through  the  courtesy  of  Mr.  A.  M.  Welling- 
ton, M.  Am.  Soc.  C.  E.,  who  knew  that  I  was  collecting  data  on  this 
subject,  the  advance  proof  of  Mr.  Pegram's  article  was  kindly  sent  to  me 
for  purposes  of  discussion  by  Mr.  John  Bogart,  Secretary  of  the  Society. 
Mr.  Pegram,  by  taking  standard  specifications,  and  by  using  for  his  three 
given  span  divisions  precisely  those  tyj)es  that  both  theory  and  practice 
unite  in  pronouncing  most  suitable,  practically  disarms  criticism,  and 
limits  a  discussion  of  his  article  rather  to  a  checking  of  results  and  an 
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■application  to  existing  data.  My  object,  therefore,  is  to  see  hoAv  applic- 
able these  formulas,  derived  from  calculations  of  -what  weights  should  be 
according  to  the  high  standard  just  explained,  may  be  to  many  kinds  of 
railroad-bridge  types  built  and  in  place. 

Mr.  Pegram's  stipulations  as  to  wooden  stringers  and  deck  trusses 
are  taken  into  account  in  these  comparisons. 

The  formula  for  class  M,  W  =  (^75  -f  .^  -^^  V  «    corresponds  more 

closely  than  any  other  with  the  run  of  specifications  of  my  different 
types.  For  the  sake  of  condensation,  only  the  variations  in  the  form  of 
a  percentage  are  tabulated. 


TABLE  No.  7. — Bridges  under  200  feet  in  span. 


Type. 


Plate  Girder 

Deck  Pratt 

■Queen  Post 

Deck  Fink 

"    Pratt 

"    Fink.!."."!! 

"     Pratt 

Through  Pratt... 
Deck  "     .. 

Through      "     ! ! 

Deck  Bowstring 

"      Pratt 


Span. 


Ft.  In. 

23  0 

39  11 

44  4 

50  0 

50  0 

61  0 

62  6 
90  2 
78  6 
80  0 

98  8 

99  9 
100  0 
108  0 

110  0 

111  0 
113  0 
118  0 


Variation 
from 
Actual 
Amount 
as  a  Per- 
centage. 


10 
3 
8 

4.3 

7 

17.6 

18.5 

12.8 

16.4 

7.6 

9.7 

4.4 

9.2 

0.8 

5.3 

1.5 

7 

9.5 


+ 


Pratt  Ribbon 

Through  Pratt.. . 
Deck  "     ... 

"    Fink 

"     Warren 

Through  Pratt 

"        Whipple 

Pratt.... 
"        Whipple. 

Peck  Fink 

Whipple  Ribbon . . 
Throueh  Whipple 
Whipple  Ribbon . . 

Deck  Whipple 

Through    '• 
Deck  Fink 


Span. 

Ft. 

In. 

119 

3 

126 

0 

137 

0 

150 

0 

150 

0 

153 

0 

153 

4 

1.53 

4 

154 

0 

162 

3 

170 

0 

180 

0 

181 

6 

187 

6 

189 

0 

195 

0 

200 

0 

200 

0 

Variation 
from 
Actual 
Amount 
as  a  Per- 
centage. 


2.7 
7 

1.3 
2.9 


+ 


2 

13 
1.8 
1.5 
4.3 

—  l.'i.5 

—  2.4 

—  11.8 

—  2.4 

—  2.8 
+     1 


Plus  in  the  percentage  column  means  that  the  formula  gives  in  ex- 
cess by  the  noted  percentage;  the  reverse  is  the  case  when  the  minus 
sign  is  used. 

This  tabulated  comparison  gives  6  J  per  cent,  as  the  average  variation, 
but  if  we  throw  out,  in  conformity  with  Mr.  Pegram's  method,  all  truss 
types  under  80  feet  in  span,  and  also  the  154  foot  through  Pratt  truss, 
as  belonging  to  a  railroad  bridge  built  some  twenty  years  ago,  we  reduce 
the  variation  to  5  per  cent — a  most  gratifying  result.  Mr.  Pegi-am's  idea 
of  adding  10  per  cent,  in  case  of  deck  types,  is  new  to  me.  If  anything, 
it  would  have  been  with  rae  a  case  of  subtraction.     Small  deck  trusses 
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especially  are  narrower  and  shallower  than  through  trusses  of  the  same 
span.  This  means  less  material  in  floor  beams,  lateral  bracing-posts  and 
braces;  but,  of  course,  more  in  the  chords.  In  the  balancing,  it  would 
seem,  then,  that  the  result  is  10  per  cent,  in  favor  of  the  deck  variety. 
The  few  examples  I  have  given  in  the  tables  seem  to  bear  out  Mr.  Pe- 
gram  in  his  opinion.  The  j^lus  and  minus  variations  for  this  type  are 
pretty  evenly  divided.  The  rejection  of  the  10  per  cent,  addition  would 
have  made  the  percentage  of  error  much  larger  and  invariably  a  nega- 
tive quantity. 

Mr.  Pegram  has  given  a  complete  refutation  to  Mr.  Stoney's  dictum 
concerning  the  possibility  of  getting  formulas  applicable  to  bridge 
weights,  and  I  I'egret  not  having  at  hand  sufficient  data  to  follow  him  in 
a  suitable  comparison  with  his  results  for  double-track  trusses  and  spans 
greater  than  200  feet.  Eeliable  data  seem  to  be  the  hardest  things  to  get 
quickly.  It  may  not  be  entirely  foreign  to  the  subject  to  suggest  that 
viaduct  weights  be  given  a  like  consideration.  Working  up  some  34 
viaduct  quantities  taken  from  the  Cincinnati  Southern  Railroad  Reports, 
I  found  that  TF  =  (S  +  3)  250,  in  which  S  =  total  length  of  viaduct  in 
feet  center  to  center,  2  =  sum  in  feet  of  profile  bent  heights  from  top 
of  masonry  pedestals  to  top  of  columns,  and  W  =  weight  of  metal  in 
pounds,  gave  variations  of  error,  where  12  per  cent,  was  a  maximum, 
and  6  per  cent,  a  mean.  My  formula  gave  250  000  pounds  less  than  the 
sum  of  actual  amounts  in  the  34  structures  (10  150  000  pounds)  a  vari- 
ation less  than  2i  per  cent.  These  Cincinnati  Southern  Railroad  Via- 
ducts are  of  the  ordinary  American  type,  bents,  mostly  30  feet  apart, 
sometimes  60  and  45  feet.  The  most  of  them  have  about  80  feet  as  a 
maximum  vertical  height;  the  highest  has  128  feet,  and  a  significant 
variation  error  of  —11  per  cent.,  showing  the  necessity  of  a  change  in 
formula  to  suit  great  heights.  The  Kinzua  Viaduct,  for  example,  with 
its  302  feet  maximum  height,  fell  33  per  cent,  short. 

With  more  data,  I  think  that  an  equation  could  be  foimd  to  suit  all 
sizes. 

Geo.  H.  Pegram,  M.  Am.  Soc.  C.  E. — I  would  ask  Mr.  Elliott  whether 
he  does  not  mean  that  2  shall  be  the  sum  of  the  vertical  heights  of  pro- 
file taken  at  some  regular  distance  apart,  regardless  of  what  the  spans  of 
the  trestle  may  be  ? 

The  formula  assumes  that  the  weight  of  bent  per  vertical  foot  is  the 
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same  as  the  Aveij:;lit  of  span  per  lineal  foot.  The  span  will  actually 
weigh  about  50  per  cent,  more  per  foot  than  the  bent,  but  in  trestles  of 
the  usual  proportions  it  so  happens  that  2  =  2  S  nearly,  whence  the 
shortage  of  one  is  made  up  by  the  overplus  of  the  other,  and  the  formula 
gives  very  good  results. 

In  checking,  I  generally  obtained  very  good  results,  except  in  Ioav 
trestles  or  those  with  a  short  and  deep  profile.  The  formula  is  very  sim- 
ple, and  in  its  present  form  would  answer  most  pur2)0ses;  but  I  would 
suggest  that  probably  more  latitude  would  be  obtained  with  a  modified 

form,  viz. : 

W=  {3  S +2  2)110,     ■ 

in  which  S,  as  before,  is  the  total  length  of  trestle,  and  -2  the  sum  of 
vertical  heights  at  30  feet  distances,  regardless  of  the  length  of  span. 

Mr.  Elliott's  extension  of  the  scope  of  the  paper  to  trestles  suggests 
the  idea  of  including  draw -bridges  as  well.  I  think  it  will  be  suflScient 
to  say  that  the  total  weight  of  a  draw-bridge,  including  turntable, 
wheels  and  machinery  to  turn  by  hand,  will  be  the  same  as  that  of  a 
tixed  span  of  the  same  total  length,  and  proportioned  for  the  same  live 
load.  I  have  tried  this  on  a  number  of  spans,  from  150  feet  to  400  feet, 
both  single  and  double  track,  and  find  it  remarkably  exact. 

W.  H.  BcKE,  M.  Am.  Soc.  C.  E.— Although  the  formula  of  Mr. 
Pegram  is  not  at  all  a  complicated  one,  it  is  probably  jjossible  to  obtain 
another  of  a  simple  character,  equally  accurate,  and  possibly  more  ration- 
al. The  floor  system  of  stringers  and  floor  beams  is  nearly  a  constant 
quantity  for  all  ordinary  spans,  and  any  rational  formula  for  the  weight 
of  such  spans  should  contain  a  constant  coefficient  multiplied  by  the 
span.  Below  250  feet  of  length,  truss  spans  are  also  known  to  vary 
nearly  as  the  square  of  the  span.  Hence,  some  such  expression  as 
Eq.  (1)  might  be  expected  to  give  very  closely  the  total  weight  of  a 

bridge. 

US'"  -{-bS  =  W (1) 

a  and  f>  are  constants,  and  S  and  W  are  the  span  in  feet  and  total  weight 
in  pounds  respectively. 

A  single  illustration  only  of  the  application  of  this  formula  Avill  be 
given. 

The  actual  and  computed  weights  of  Mr.  Pegram 's  ''Class  T"  spans 
are  given  iu  the  following  table. 

In  this  case  a  =6.25  and  b  =  260. 
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TABLE  No.  8. 


Span. 

Actual  Weight  in 
Pounds. 

6J  S^  +  260  S. 

Per  Cent. 

Feet. 

20 

7  047 

7  700 

+  9.4 

30 

12  979 

13  425 

+  3.6 

40 

19  847 

20  400  ■ 

+  3.0 

50 

29  115 

28  625 

—  1.6 

60 

39  502 

38  100 

—  3.7 

70 

51  033 

48  825 

—  4.2 

80 

66  061 

60  800 

—  8.0 

104 

96  957 

94  640 

—  2.4 

130 

137  285 

139  425 

+  1.6 

150 

173  849 

179  625 

+  3.2 

175 

232  637 

236  907 

+  1.8 

201.5 

304  459 

306  159 

+  0.6 

255 

508  415 

472  707 

—  7.0 

The  diiferent  j^ercentages  for  the  plate  girders  are  a  little  larger  than 
those  of  Mr.  Pegram,  but  for  the  remainder  of  the  series  they  are  some- 
what less,  with  the  advantage  of  a  little  more  extended  aiij^lication.  If 
the  60,  70  and  80  feet  spans  were  lattice  girders,  as  they  should  be  for  an 
economical  construction,  the  variations  would  not  exceed  3.2  per  cent, 
for  sjiaus  from  40  to  225  feet.  Above  the  latter  limit  a  break  occurs  in 
any  simple  formula  that  can  l)e  devised. 

These  few  observations  are  made  rather  to  draw  attention  to  this 
simple  formula  than  to  cover  the  whole  {question. 
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AN  ACCOUNT  OF  SOME  OBSERVATIONS  OF 
STEEET  TRAFFIC. 


By  Captain  Francis  V.  Greene,  M.  Am.  Soc.  C.   E. 
Read  December  16,  1885. 


The  object  of  tliis  paper  is  to  explain  certain  observations  taken  re- 
cently under  the  writer's  direction,  -with  a  view  to  determining  the  actual 
and  comparative  traffic  on  the  streets  of  certain  cities;  and  also  to  call 
attention  to  the  desirability  of  having  the  traffic  systematically  measured 
at  frequent  intervals,  and  on  a  uniform  system,  by  the  engineers  having 
charge  of  the  pavements  in  the  various  cities.  In  the  twenty  cities  in 
this  country  which  have  a  population  of  over  100  000  each  (6  200  000 
lu  the  aggregate)  the  pavements  represent  an  investment  of  about 
8250  000  000.  With  the  single  exception  of  railroads,  it  is  doubtful  if  any 
other  distinct  class  of  engineering  works  represents  so  large  an  outlay. 
Whether  or  not  these  pavements  properly  fulfill  the  object  for  which  they 
were  designed,  is  a  question  of  very  great  imi^ortance,  affecting  not  only 
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the  health  and  comfort  of  the  residents  of  the  cities,  but  also  the  whole 
subject  of  intra-urban  transportation.  This  is  a  matter  of  dollars  and 
cents,  and  a  great  many  of  them;  for  with  bad  pavements,  where  the  re- 
sistance to  traction  and  the  wear  and  tear  of  vehicles  and  animals  are 
great,  the  cost  of  transportation  is  often  double  what  it  is  over  good  pave- 
ments, where  the  resistance  to  traction  and  the  wear  and  tear  are  com- 
paratively small. 

Yet,  although  the  pavement  question  affects  directly  such  large  prop- 
erty interests,  I  am  not  aware  that  any  systematic  observations  have  pre- 
viously been  taken  in  this  country  to  determine  the  nature  and  volume  of 
the  traffic  to  meet  which  the  pavements  are  constructed.  In  Eurojae  such 
observations  have  been  taken,  though  not  on  a  uniform  system.  In  the 
spring  of  1873,  Colonel  Haywood  made  his  well  know^n  investigation  on 
"  Accidents  to  Horses  "  in  London,  and  for  this  purpose  he  was  obliged 
to  record  the  traffic.  His  observations  were  confined  to  five  streets, 
Cheapside  and  The  Poultry,  Cannon,  King  William  and  Gracechurch 
streets,  in  the  immediate  vicinity  of  the  Bank  of  England  and  London 
Bridge.  The  total  length  of  streets  observed  was  about  one  mile,  and 
the  number  of  stations  fifteen.  The  observations  were  not  simultaneous, 
but  were  scattered  over  a  period  of  two  months.  Some  of  the  stations 
were  observed  only  one  day,  others  two  and  three  days,  and  some  of  them 
six  days,  which  was  the  maximum.  The  observations  were  all  made  by 
the  police,  and  were  continuous  from  8  a.m.  to  8  p.m.  There  were  two 
men  at  each  station,  and  they  observed  for  three  hours  consecutively, 
and  were  then  relieved  by  others.  Each  man  had  two  tours  of  three 
hours  each,  or  six  hours  in  all,  each  day.  The  exact  manner  in  which  the 
record  was  kept  is  not  described  in  Colonel  Haywood's  rej^ort*  further 
than  the  statement  that  it  was  kej^t  in  books  specially  prepared  for  the 
purpose. 

Observations  have  also  been  taken  on  other  streets  in  London  and  in 
Liverpool,  but  the  method  pursued  in  taking  them  I  am  unable  to  state. 
In  Mr.  G.  F.  Deacon's  j^aj^er  on  "Street  Carriageway  Pavements,"  read 
before  the  Institution  of  Civil  Engineers  iu  1879,  he  refers  to  certain 
streets  of  Liverpool  having  a  traffic  of  so  many  tons  per  annum  per  yard 
of  width,  but  he  does  not  state  how  these  data  were  obtained.      And  in 

•  *  Report  to  the  Honorable  the  Commissioners  of  Sewira  of  the  City  of  London  on  the  Ac- 
cidents to  Horses  on  Carriageway  Pavements.  By  William  Haywood,  Engineer  and  Surveyor 
to  the  Commission.     London  :  Charles  Skipper  &  East,  Printers,  St.  Dunstiin's  Hill.     1873. 
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Mr.  O.  H.  Howarth's  paper  on  "Wood  as  a  Paving  Material  under 
Heavy  Traffic,"  read  at  the  same  time  and  place,  he  gives  a  tabular  state- 
ment of  the  traffic  on  twelve  principal  streets  in  various  parts  of  London. 
His  unit  for  comparison  is  the  tonnage  per  day  per  foot  of  width,  which 
is  evidently  convertible  into  Mr.  Deacon's  unit  by  multiplying  by  940. 
Mr.  Howarth  states  that  his  observations  were  made  in  the  month  of 
November,  1878,  and  on  every  alternate  half  hour  during  the  sixteen 
hours  between  7  a.m.  and  11  p.m.     Further  than  this  he  gives  no  details. 

In  Mr.  G.  H.  Stay  ton's  paper,  read  in  1884,  on  "Wood  Pavement  in  the 
Metropolis,"  is  given  a  list  of  tweuty-four  streets  (including  those  given 
by  Mr.  Howarth)  with  their  traffic.  He  adopts  as  his  unit  the  tonnage 
per  yard  of  width  in  a  day  of  sixteen  hours,  but  does  not  state  how  the 
record  was  made. 

In  Paris,  a  series  of  careful  observations  were  taken  at  302  different 
localities  between  May  1,  1881,  and  April  30,  1882.  The  observations 
were  continuous,  night  and  day,  for  seven  days  at  each  place.  Nearly 
all  the  places  were  intersections  of  streets,  and  the  travel  was  counted 
both  ways.  The  report  does  not  state  the  manner  in  which  the  tally  was 
kept.  It  is  signed  by  MM.  Allard  and  Barabant,  the  Chief  Engineers  of 
the  two  divisions  of  the  city.  The  figures  are  very  large,  running  as 
high  as  33  000  vehicles  and  42  000  horses  at  one  place.  No  tonnage  is 
given,  the  standard  of  comparison  being  the  number  of  horses  per  meter 
of  width. 

The  observations  above  noted — those  of  Haywood,  Deacon.  Howarth, 
Stayton  and  Barabant— comprise  all  that  I  have  been  able  to  find  on  this 
subject  in  print. 

The  observations  which  I  shall  now  describe,  were  made  under  my 
direction  during  the  months  of  October  and  November,  1885,  by  the  em- 
ployees of  the  Barber  Asphalt  Paving  Company,  which  has  an  office  and 
works  in  ten  large  cities;  viz, :  New  York,  Philadeljihia,  Chicago,  Boston, 
St.  Louis,  New  Orleans,  Washington,  Buffalo,  Louisville  and  Omaha. 
In  the  arrangements  for  taking  the  observations,  two  objects  were  kept 
in  view:  First,  to  leave  as  little  as  possible  to  the  judgment  of  the  ob- 
server; and  second,  to  make  the  record  permanent,  so  that  it  could  be 
preserved  for  examination  in  all  its  details  at  any  time.  For  this  pur- 
pose I  drew  up  a  blank  form,  a  copy  of  which  is  here  inserted. 
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TRAFFIC  RECORD. 

■• City . 

Street . 

188     . 

CTbserver . 

INSTRUCTIONS   FOR   KEEPING  TRAFFIC   RECORDS. 

1st.  Ordinarily  two  observers  will  be  necessary  to  keep  the  record, 
in  order  that  it  may  be  -uninterrupted  during  a  period  of  twelve  hours. 
They  will  divide  the  time  between  them  according  to  their  convenience, 
Imt  should  change  with  each  other  at  the  end  of  any  given  hour,  and 
not  during  the  hour.  The  observer  should  be  stationed,  if  possible,  in 
the  second  story  window  of  a  house  from  Avhich  he  can  have  a  clear 
view  of  the  street  for  at  least  two  hundred  yards  in  each  direction. 

2d.  The  obserA'er  will  be  i^rovided  with  an  ordinary  recording  con-, 
ductor's  bell  punch  and  a  sufficient  number  of  record  slips  in  three 
colors,  viz.,  white,  red  and  blue,  which  will  be  used  as  follows: 

White,  for  vehicles  less  than  1  ton  in  weight. 

Rrd,  for  vehicles  between  1  and  3  tons  in  weight. 

Blue,  for  vehicles  over  3  tons  in  weight. 

The  projjer  slip  will  be  launched  as  each  vehicle  with  its  estimated 
weight  passes  the  observer's  station. 

3d.  In  estimating  weights,  the  following  riiles  will  be  followed  as  a 
guide : 

1-horse  carriages,  emptv  or  loaded.  )  y  „„„  .^„...  i , 

11  '''         i"i-ii.ijj  f  LiESS  THAN  1  TON. 

1-horse  wagons,  empty  or  light-loaded.       -  White  Slip 

1-horse  carts,  empty.  ) 

1-horse  wagons,  heavy -loaded.  )      d„.„„,^„„  i   .>t^  q  „,^„o, 

T   1  ^      1        1    J  (       xJETWEEN  1  AND  O  TONS. 

1- horse  carts,  loaded.  >•  -r>       Qt,tp 

2-horse  wagons,  empty  or  light-loaded.     ) 

Wagons  and  trucks  drawn  by  2  or  more    )  Over  3  tons. 

horses,  and  heavy-loaded.  \  Blue  Slip. 

Special  note  will  be  made,  in  the  column  of  remarks,  of  any  unusu- 
ally hea\-y  loads,  such  as  6-horse  trucks  loaded  with  stone  or  iron,  and 
an  estimate  given  of  their  weight.  --- 

4th.  Accidents  will  be  recorded  in  the  middle  column  of  the  proper 
slip,  as  follows: 

White,  for  i^artial  falls  on  knees. 

Red,  for  joartial  falls  on  haunches. 

Blue,  for  comi^lete  faUs,  in  which  the  horse  loses  his  legs  entirely 
and  falls  on  his  side. 

All  accidents  will  be  recorded  which  occur  within  a  convenient  dis- 
tance of  the  observer's  station — say  to  the  end  of  the  adjacent  block  on 
each  side;  and  the  total  distance  within  which  accidents  are  observed 
will  be  noted  in  the  report. 

5th.  The  state  of  the  weather,  condition  of  the  pavement  as  to  clean- 
liness, width  of  roadway  between  curlis,  and  location  of  the  observer, 
should  be  noted  on  the  rejjort,  together  with  a  brief  statement  of  any 
remarkable  or  unusual  facts  connected  with  the  traffic. 

6th.  Each  observer  will  make  up  his  report  on  this  form,  giving  the 
result  of  his  observations,  and  mail  it  to  Cai)t.  F.  V.  Greene,  West 
Point,  New  York,  within  twelve  hours  after  the  conclusion  of  each  day's 
observations.  The  inmched  slips  will  be  carefully  preserved  in  the  of- 
tice  of  the  agent  until  called  for. 


128 


GREENE    ON    STREET   TRAFFIC. 


For  making  the  actual  count  of  veliicles,  I  thought  the  simplest  and 
surest  method  would  be  to  adopt  the  trip  slip  and  punch  system  used 
by  conductors  of  street  cars  for  counting  passengers.  Three  kinds  of 
slips  were  printed,  all  of  the  same  form,  but  each  in  a  difierent  color, 
and  with  diflferent  wording  for  the  three  classes  of  traffic  and  of  acci- 
dent.    These  slips  are  shown  here. 
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The  traffic  was  recorded  in  each  city  on  these  slijis  and  blank  forms, 
all  of  which  have  been  preserved. 

The  printed  instructions  on  the  back  of  the  record  blank  explain  so 
fnlly  the  manner  in  which  the  record  is  kept,  that  it  is  hardly  necessary 
to  add  anything  to  it. 

The  traffic  is  divided  into  three  classes,  light  weight  (less  than  one 
ton),  medium  weight  (between  one  and  three  tons),  and  heavy  weight 
(more  than  three  tons) ;  and  in  order  to  reduce  the  personal  equation  of 
the  different  observers  to  a  minimum,  the  directions  specify  what  classes 
of  vehicles  are  to  be  counted  in  each  class  of  weight.  Nothing  is 
then  left  to  the  observer's  judgment  and  estimation  except  the  question 
of  "heavy"  and  "light"  loads  in  one-horse  and  two-horse  wagons. 
The  result  of  different  estimation  in  this  respect  between  two  observers 
would  simply  change  a  portion  of  the  vehicles  by  one  class,  and  the 
error  in  the  final  result  could  hardly  exceed  five  per  cent. 

It  will  be  noticed  that  the  record  includes  the  width  and  grade  of  the 
street,  the  length  over  which  accidents  are  observed,  the  condition  of 
the  weather  and  the  speed  of  vehicles;  and  that  each  day's  record  is 
signed  and  sworn  to. 

The  agent  in  each  city  was  instructed  to  select  the  three  streets  in 
that  city  paved  with  stone,  asphalt  and  wood  (if  any  existed),  which, 
by  common  report,  had  the  heaviest  traffic  in  the  class  of  pavement  used 
on  that  street.  For  the  purpose  of  making  certain  special  comparisons, 
other  streets  were  selected  and  their  traffic  recorded  after  the  first  reports 
were  received.  The  record  was  in  every  case  made  on  six  consecutive 
days  (Sundays  omitted)  at  the  same  place,  and  it  was  continuous  from 
seven  a.m.  to  seven  p.m.,  except  when  darkness  prevented.  No  ad- 
dition was  made  for  this  omission,  no  record  was  kept  during  the  night, 
and  no  addition  was  made  as  an  estimate  of  night  traffic.  In  practice 
one  observer  was  found  sufficient  ou  streets  of  \erj  light  traffic,  and 
three  (two  of  whom  were  always  on  duty)  on  the  heaviest  traffic,  such  as 
Broadway;  on  the  majority  of  streets  two  observers  were  necessary, 
who  relieved  each  other  at  the  end  of  an  hour  or  two  hours. 

These  reports  were  all  sent  to  me  as  soon  as  completed,  and  the 
results  have  been  compiled  by  myself.  In  doing  so  I  have  discarded 
the  weight  of  the  horses  altogether,  not  because  they  do  not  constitute  a 
factor  in  the  wear  of  the  pavement,  but  because  they  were  discarded  in 
the  English  reports,  and  I  desired  as  far  as  possible  to  make  comparisons 
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with  them.  The  addition  that  would  have  to  be  made  if  the  horses 
were  included  would  vary  with  the  traflfic.  On  streets  where  light 
vehicles  predominate  (as  on  Fifth  avenue),  it  would  be  about  eighty-five 
per  cent. ;  on  streets  with  heavy  vehicles  (such  as  Wabash  avenue,  in 
Chicago),  it  would  only  be  about  forty  per  cent. ;  and  for  other  streets  it 
would  be  between  these  two  limits. 

In  digesting  the  reports  the  average  daily  traffic  was  obtained  by 
dividing  the  total  record  for  six  days  by  six.  To  obtain  the  tonnage,  I 
estimated  the  light-weight  vehicles  to  average  one-half  ton  each  (in- 
cluding their  loads),  the  medium  weight  two  tons,  and  the  heavy  weight 
four  tons.  Multiplying  the  daily  average  of  vehicles  in  each  class  by 
these  figures  and  adding  together  the  products,  the  total  tonnage  was 
obtained,  and  dividing  this  by  the  width  between  curbs,  we  get  the 
daily  average  tonnage  per  foot  of  width.  This  is  the  standard  or  unit 
of  comparison.  It  seems  to  me  more  convenient  than  Mr.  Deacon's  unit 
of  the  annual  tonnage  per  yard  of  width,  because  the  figures  are  much 
smaller  and  more  easily  compared  and  remembered,  and  it  is  also  better 
than  the  French  unit  of  the  number  of  horses,  because  while  the  horses 
have  their  effect  in  the  wear  of  the  pavement,  yet  it  is  very  much  less 
than  the  wear  due  to  the  vehicles. 

In  this  manner  Table  No.  1  has  been  obtained,  which  is  the  sum- 
mary of  the  results  at  each  locality. 

In  order  to  compare  these  results  with  those  obtained  in  England, 
Table  No.  2  has  been  compiled  from  the  papers  of  Messrs.  Haywood, 
Deacon,  Howarth  and  Stayton.  The  Paris  reports  do  not  give  any 
tonnage,  and  hence  cannot  be  used  for  purposes  of  comparison. 


TABLE  No.  1. 
Greene  on  Street  Traffic— Traffic  Record  on  Certain  Streets  in  Various  American  Cities. 


Less  than  1  Ton. 


4  379  = 
4  957  = 
1705  = 

Philadelphia. ...'3  454  = 
....31C0  = 
....1280  = 

Chicago I    907  = 
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....  1517  : 
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Buffalo ,2  302: 

•■      386: 
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Lonisville 1929  = 
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627: 

Omaha 4  406  = 

••      2339  = 

Average 1889  = 


2  502  =  34  percent. 


67  per  cent. :  734  =  26  per  cent. 


930  =  12  per  cent. 


7  per  cent.    2839 
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5  460 
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1  934 
I  640 
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3  744 
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1.00 

9  237 

1.62 
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1.24 

1928 

1.06 

7  561 

2.08 

6  398 

1.46 

2  756 

.90 

2  604 

1.11 

6  301 

.99 

5  028 

1.02 

3  265 
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2  938 

.80 
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.79 

744 

.67 

3  691 

1.13 
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2  554 

1.16 
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2511 

.84 

6  204 

1.81 

1  065 

.94 

4  622 

1.02 

1688 

.87 

1  445 

.88 

1  289 

1.01 

2  613 

.83 

1505 

1.88 

825 

1.47 

714 

1.24 

4  176 

1.25 

2  402 

1.05 

977 

1.06 

2  967 

.62 

1449 

.69 

3267 

1.16 

Per 

foot  of 
width 


Granite. . 
Asphalt. . 
Granite. . 


Wood... 
Asphalt.. 

Wood..  . 
Granite.. 
Asphalt.. 
Granite.. 
Asphalt. , 


Granite. 
Asphalt. 

Wood i36 

Granite 36 


Sandstone . 
Asphalt 


Sandstone..  1 50 


Granite.. . 
Asphalt. . . 
Macadam . 


Broadway,  near  Pine. 

Fifth  avenue,  opp.  Worth  Monument. 

Wall,  cor.  Broad, 

Broad  St.,  in  front  Pa.  Railroad  Depot. 
Filbert  st.,  in  front  City  Hall. 
Chestnut,  corner  4th. 

Wahash,  near  Lake. 
Clark,  near  Madi-son. 
La  Salle,  near  Lot-ust. 
Dearborn,  opp.  Washington  Park. 

Devonshire,  opp,  Post  Office. 

Devonshire,  near  Milk. 

Kilby,  near  State. 

Washington. 

Arch,  near  Summer. 

Court  square. 

Locust,  near  Beaumont. 
Broadway,  near  Olive. 
Pine,  near  Garrison. 
Chestnut,  near  Beaumont. 
Olive,  near  Beaumont. 

Tchoupitoulas,  near  Poydras. 
St.  Charles,  near  Washington. 

15th,  opp.  Treasury. 
9th,  bet.  D  and  E. 
7th,  bet.  D  and  E. 
6th,  bet.  Pa.  ave.  and  B. 

Main,  near  Swan. 
Main,  near  Bouck  ave. 
Linwood,  near  Ferry. 
Main,  near  GlenwoOd. 

Main  near  3d 
8th,  near  Walnut. 
7th,  near  JeflFersou. 
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The  London   records  were  not   classified  according  to   weiglit  of 
vehicle,  and  hence  I  am  tinable  to  give  the  proportions  of  light,  medium 
and  heavy-weight  vehicles.     Colonel  Haywood's  report,  however,  classi- 
fies the  vehicles  accoi'ding  to  the  number  of  horses  attached  to  them, 
and  the  proportion  on  King  William  street  (wood)  is  66  j^er  cent,  one 
horse,  31  per  cent,  two  horses,  and  2  per  cent,  three  or  more  horses. 
The  average  of  all  the  streets  observed  by  him  gave  71  per  cent,  27  per 
cent,  and  2  per  cent,  in  the  three  classes.     Mr,  Howarth  gives  the  num- 
ber of  cabs,  omnibtises  and  loads  above  3  tons  on  the  streets  named  in 
his  paper.     On  Piccadilly,  for  instance,  with  10  776  vehicles: 
6  084  (56  per  cent.)  are  cabs  averaging  J  ton  each. 
3  448  (32  per  cent. )  are  omnibuses  averaging  2  tons  each. 
728  (7  per  cent.)  are  loads  above  3  tons. 

The  great  proportions  of  cabs  and  omnibuses  explains  at  once  the 
heavy  traffic  on  London  streets  as  compared  with  those  of  large  Ameri- 
can cities.  In  London  no  street  railroads  are  allowed  on  any  of  the 
streets  named  in  the  above  list,  nor  anywhere  in  the  vicinity  of  them. 

If  there  were  street  cars  on  these  streets  or  in  their  vicinity,  at  least 
80  per  cent,  of  the  omnibuses  and  50  per  cent,  of  the  cabs  would  dis- 
appear. 

This  would  take  away  53  per  cent,  of  the  number  of  vehicles  and 
about  70  per  cent,  of  the  tonnage.  The  tonnage  on  Piccadilly  would  be 
reduced  to  about  2  500  in  place  of  9  358,  and  68  tons  per  foot  of  width 
in  place  of  253. 

These  figures  show  at  once  (what  every  one  has  noticed  recently  on 
Broadway)  that  street  cars  are  a  great  relief  to  crowded  streets,  and  that 
they  effect  a  large  saving  in  the  wear  of  pavements.  As  laid  in  America, 
with  T-rails  and  wooden  sleejiers,  they  are  a  nuisance  to  every  other 
class  of  vehicle.  As  laid  in  Liverpool  and  London,  with  grooved  rails 
and  cast-iron  sleepers  bedded  in  concrete,  they  are  almost  unobjection- 
able. Vehicles  pass  over  the  rails  without  noticing  them,  and  the  only 
inconvenience  arises  from  the  fact  that  the  cars  cannot  turn  out  in  pass- 
ing, and  all  other  vehicles  have  to  turn  out  for  them. 

In  examining  the  figures  of  American  traffic,  we  find  that  the  average 
daily  tonnage  per  foot  of  width  is  77,  and  that  it  varies  from  273  tons 
on  Broadway  to  7  tons  on  a  granite  street  in   St.  Louis. 

On  some  streets  the  traffic  is  remarkably  uniform,  and  does  not  vary 
on  any  day  more  than  3    per  cent,  from  the  average;  on  other  streets 
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the  traffic  is  very  in-egular,  being  on  some  days  as  much  as  50  per  cent, 
greater  or  less  than  the  average.  In  some  cities  bad  weather  makes  a 
reduction  in  the  volume  of  the  traffic,  and  in  other  cities  it  does  not. 
There  seems  to  be  no  general  rule  for  this.  In  regard  to  the  hours  of 
the  day,  the  records  everywhere  show  the  same  result — light  traffic 
early  in  the  morning  and  late  in  the  afternoon;  the  maximum  aboiit  10 
to  11  in  the  morning  and  3  to  4  in  the  afternoon,  and  a  decided  falling 
off  during  the  dinner  hours,  from  12  to  2. 

As  a  general  rule,  the  greatest  traffic  is  on  the  business  streets,  but 
this  is  not  always  the  case.  In  St.  Louis,  for  example.  Locust  street  is 
a  purely  residential  sti'eet,  leading  from  the  business  section  towards  the 
suburbs.  Since  it  was  paved  with  asphalt,  its  traffic  has  increased  to 
103  tons  per  foot  of  width,  which  is  nearly  50  per  cent,  more  than  the 
traffic  (72  tons)  on  the  granite  j^avement  of  Broadway,  the  great  business 
street  of  the  town.  Locust,  Pine,  Chestnut  and  Olive  streets  are  all 
parallel  and  adjacent.  There  is  nothing  in  their  situation  to  indicate 
why  the  traffic  should  go  to  one  of  them  more  than  to  the  others.  They 
have  been  paved  in  the  last  few  years— Locust  and  Pine,  with  asphalt; 
Olive,  with  granite;  and  Chestnut  with  wood  on  a  concrete  founda- 
tion. Their  traffic  is  103  tons  on  Locust,  70  on  Pine,  27  on  Chestnut, 
and  7  on  Olive.  In  other  words,  the  asphalt  streets  seem  to  have 
drained  nearly  all  the  traffic  from  the  others.  Similar  resiilts  have  taken 
place  in  Omaha.  Farnham  and  Douglass  streets  were  paved  in  1882. 
The  former  being  the  main  Vtusiness  street,  it  was  thought  necessary  to 
pave  it  with  granite,  while  Douglass  street  was  paved  with  asphalt.  The 
vehicles,  however,  choose  the  smooth  pavement,  and  the  traffic  has  been 
reversed,  until  now  Douglass  street  has  just  twice  as  much  as  Farnham 
street.  Similarly  in  Washington :  Seventh  street  has  been  the  principal 
business  street  for  thirty  years,  and  for  that  reason  was  paved  with  gran- 
ite. Yet  its  traffic  is  now  less  than  on  the  asphalt  of  Ninth  street,  which, 
when  the  two  streets  were  first  paved,  was  comparatively  untraveled. 
Similar  results  have  followed  in  Buffalo  on  the  corresponding  parts  of 
Main  street  and  Linwood  avenue.  It  will  be  noticed  that  the  wood  i)ave- 
ment  on  Devonshire  street,  in  Boston,  supports  a  traffic  of  196  tons — 
second  only  to  Broadway. 

The  asphalt  on  Kilby  street,  in  Boston,  has  a  traffic  of  126  tons, 
which  is  much  larger  than  "Washington  street,  in  the  same  city  (75  tons) ; 
Chestnut  street,  in  Philadelphia  (7-4  tons);  Main  street,  in   Buffalo  (47 
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tons) ;  Broadway,  in  St.  Louis  (72  tons) ;  Main  street  in  Louisville  (69 
tons);  Seventh  street,  in  Washington  (29  tons);  and  Farnham  street, 
in  Omaha  (24  tons),  each  of  which  is  the  main  business  street  of  its  own 
city,  and  has  been  paved  with  granite  under  the  supposition  that  its 
traffic  was  too  heavy  for  asphalt. 

The  average  tozinage  per  vehicle  is  an  almost  infallible  indicator  of 
the  character  of  the  street,  i.  e.,  whether  devoted  to  residential  or  busi- 
ness purposes.  It  ranges  from  .  68  on  Fifth  avenue  to  2 .  08  on  a  portion 
of  Wabash  avenue,  in  Chicago.  The  same  character  is  indicated  by 
the  proportions  of  light  and  heavy  vehicles  on  the  street.  On  Fifth 
avenue,  for  instance,  91  per  cent,  of  all  the  vehicles  weigh  less  than  1 
ton,  while  on  Wabash  avenue  only  25  per  cent,  of  them  have  so  little 
weight.  The  general  average  is  as  follows  :  Less  than  1  ton,  67  per 
cent. ;  between  1  and  3  tons,  26  per  cent. ;  more  than  3  tons ,  7  per  cent. ; 
which  agrees  very  closely  with  the  proportions  of  one,  two  and  three- 
horse  vehicles  observed  in  London  by  Colonel  Haywood. 

The  table  also  shows  that  neither  the  maximum  traffic  nor  the  average 
traffic  in  each  city,  so  far  as  here  observed,  is  proportional  to  the 
population,  although,  as  was  to  be  expected,  the  largest  cities  have  the 
largest  traffic.  In  the  five  larger  cities  named  in  the  above  list,  the 
average  tonnage  is  4  061,  and  107  tons  per  foot  of  width ;  in  the  five 
smaller  cities  the  average  tonnage  is  2  263,  and  48  tons  per  foot  of  width. 
The  streets  in  the  larger  cities  have  an  average  width  of  37  feet,  in  the 
smaller  cities  49  feet.  The  importance  of  laying  out  streets  of  proper 
width  is  clearly  shown.  Compai'ing,  for  instance,  Wabash  avenue  with 
Devonshire  street  in  Boston,  we  find  the  total  tonnage  on  the  Chicago 
street  is  7  561  tons,  while  in  Boston  it  is  5  362;  yet  tbe  Boston  street  has 
to  support  196  tons  per  foot  of  width,  against  only  151  tons  in  Chicago, 
because  the  width  of  the  former  is  only  27  feet,  while  the  latter  has  50 
feet. 

The  average  tonnage  per  foot  in  each  city,  so  far  as  here  observed, 
varies  from  151  in  New  York  to  30  in  Buftalo,  and  the  general  average  is 
77.  A  great  many  more  observations  would  have  to  be  taken,  however, 
before  attaching  much  importance  to  these  averages.  Mr.  Deacon,  in 
discussing  the  cost  of  maintaining  various  pavements,  reduces  the  cost 
in  each  case  to  a  standard  traffic  of  100  000  tons  per  yard  per  annum, 
which  is  very  nearly  the  same  as  100  tons  per  foot  per  diem.  Mr.  Stay- 
ton  uses  150  tons  per  diem  as  a  standard  of  average  traffic.  Both  of  these 
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writers  assiirae  that  the  wear  of  the  pavement  is  a  direct  function  of  its 
wheel-tonnage  per  unit  of  width.  It  is  doubtful  if  the  problem  is  so 
simple  as  this  ;  there  are  other  factors,  such  as  horse-tonnage,  grade, 
climate,  proportion  of  light  and  heavy  vehicles,  etc.  But  it  is  certainly 
true  that  the  wheel-tonnage  is  the  most  important  factor,  and  is  almost 
the  only  one  which  can  be  readily  stated  in  figures.  Hence  it  is 
approximately  accurate  to  assume  that  a  pavement  of  the  same  materials, 
laid  in  the  same  manner,  should  wear  twice  as  rapidly  under  twice  the 
tonnage  per  unit  of  width.  With  this  assumption,  both  Mr.  Deacon 
and  Mr.  Stayton  compare  the  maintenance  cost  of  various  pavements 
reduced  to  the  same  traffic  standard,  /.  e.,  the  standard  being  100  tons, 
if  the  pavement  has  200  tons  traffic  jjer  foot,  its  maintenance  cost  is 
divided  by  i,  and  if  it  has  only  50  tons,  it  is  multiplied  by  2  before 
comparing  them,  in  order  to  see  which  is  essentially  the  cheapest  and 
most  durable  pavement. 

This  is,  of  course,  the  practical  object  of  recording  the  traffic  on 
the  street.  The  first  cost  of  a  jiavement  is  only  one  of  the  factors 
which  determine  its  cost  in  a  number  of  years.  To  determine  this  it  is 
necessary  to  take  account  of  the  cost  of  maintenance  and  the  interest  on 
first  cost.  And  in  order  to  determine  the  inherent  merits  of  the  pave- 
ment, the  volume  of  traffic  which  causes  the  expense  of  maintenance 
should  also  be  taken  into  account,  as  has  been  done  by  the  English 
engineers  above  mentioned.  It  is  needless  to  say  that  there  are  no 
statistics  of  the  cost  of  maintenance  in  this  country  that  would  enable 
any  such  comparisons  to  be  made.  Any  one  who  doubts  the  utility  of 
such  records  and  comparisons  has  only  to  contrast  the  miserable  condi- 
tion of  the  vast  majority  of  American  streets  as  compared  with  those  of 
England,  where  the  paving  question  has  been  scientifically  studied 
by  means  of  such  records,  in  order  to  have  his  doubts  removed. 

In  compiling  the  reports  of  accidents,  I  have  followed  the  method 
adopted  by  Colonel  Haywood,  /.  f..  the  number  of  horses  is  multiplied 
by  the  distance  over  which  they  are  observed,  in  order  to  obtain  the 
total  distance  traveled.  This  is  divided  by  the  total  number  of 
accidents  in  each  class  in  order  to  find  the  distance  traveled  before  an 
accident  occurs.  This  is  the  standard  of  comparison.  The  accidents 
are  divided  into  three  classes,  viz. ;  Falls  on  knees,  falls  on  haunches 
and  complete  falls.  The  number  of  horses  was  not  actually  counted, 
but  was   obtained  by  estimating  the  light-weight  vehicles  to  have  one 
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horse,  and  the  medium  and  heavy  weight  two  horses  each.  This  gives 
a  result  whioh  is  probably  below  the  actual  number  of  horses. 

The  result  of  the  observations  compiled  in  the  manner  indicated,  is 
given  in  Table  No.  3. 

The  general  result  of  these  observations — which  it  should  be  noticed 
.  were  made  on  192  days,  in  thirty-two  different  streets  of  ten  different 
cities,  and  include  807  552  horses  and  81  051  miles  traveled — is  as  fol- 
lows, viz. ,  a  horse  will  travel  the  following  distance  before  meeting  with 
an  accident  of  any  kind : 

On  asphalt 583  miles. 

On  granite 413      ' ' 

On  wood 272      " 

Colonel  Haywood's  results  were  as  follows  : 

On  asphalt 191  miles. 

On  granite ! 132      " 

On  wood 330      " 

The  result  of  both  sets  of  observations  thus  accords  in  showing  that 
there  are  fewer  accidents  on  asphalt  than  on  granite.  They  do  not  accord 
in  regard  to  wood,  the  London  experiments  showing  it  to  be  the  least 
sliiJjDery  and  ours  the  most  slippery  of  all  the  three  classes.  On  account 
of  the  small  number  of  our  observations  on  wood,  it  is  hardly  fair  to 
make  the  comparison,  but  there  are  very  few  cities  in  which  wood  is  now 
used  in  America,  and  hence  a  greater  number  of  observations  could  not 
be  obtained.  In  the  above  statement  it  will  be  seen  that  there  are  about 
three  times  as  many  accidents  on  the  London  pavements  as  on  the 
American.  This  is  due  j^artly  to  the  dampness  and  fogs  of  London  and 
partly  to  the  greater  traffic,  and  consequently  greater  amount  of  manure. 
The  manure  and  fog  combined  make  up  the  "grease"  from  which  the 
London  streets  are  seldom  free,  although  their  system  of  street  cleaning 
is,  I  think,  the  best  in  the"s\'orld.  The  fine  grained  Neuchatel  asphalt, 
which  is  used  in  London,  is  also  much  more  slippery  than  the  gritty 
Trinidad  asphalt  used  in  this  country. 

In  farther  classifying  the  accidents,  we  obtain  the  Table  No.  4: 


TABLE     No.     3. 
Gbeexe  on  Street  Traffic. — Accidents  to  Horses.     1. — Asphalt  Pavements. 


HOBSES.                                      1 

*     ACOIDEXTS. 

Number 
Observed. 

^°^*-       in  Miles. 

- 

Total 
Distance 
Traveled 
in  Miles. 

Falls 
Knees. 

0 
0 

u 

10 

1 

II 

6 

1 
6 

0 

u 

0 

^»JJ=       Complete 

1                    2 

9         !         10 

Total. 

19 

0 

0 
19 

4 

2 

B 

1 

3 

9 

2 

0 

0 

1 

0 

Steeet. 

New  York 

35  778 
55  248 
«M0 
17  922 
26  662 
10  3U 
4  940 
25  416 

17  724 

8  646 
35  442 
14  106 

9  768 
7  548 

18  282 
30  588 

.62     1         .028 

1002 

7  348 

7  380 

2  025 

2  045 

807 

235 

2  872 

2  003 

977 

2  701 

1  072 
371 

5  131 

2  066 

3  392 

Fifth  avenue. 

1 
1 

03             .133 
91             .176 
80             .113 
76     t         .077 
66     ,         .078 
60     '         .047 
89    1         .113 
84             .113 
73     '         .113 
78     i         .076 
71              .076 
80     I          .038 
20     1          .680 
80     1         .113 
58     !          .119 

0 
0 
5 
1 
1 
0 
0 

1     . 

0 
0 

4 

I 
0 

1 
1 

II 

0  I           3 

1  0 
0         1           0 

Fifteenth  street. 

0 
0 

u 

0 

1 

0 

Eighth  street. 

Douglass  street. 

360  264 

41  427 

•27 
1534 

19         j         25 
2  180             1  647 

71 
583 

Distance  traveled  before  an  accident  oc- 
curs.   Miles 

2. — Granite    Pavemexts. 


New  York 

G7  458 
18  055 

14  488 

38  205 

39  084 
38  764 
26  006 
23  952 
32  916 
11958 
21264 
28  566 

15  678 

.97  . 
.78 
.80 

1.19 
.95 
.78 
.66 
.90 

1.13 
.  .72 
.73 
.88 
.55 

.057 
.057 
.113 
.113 
.113 
.071 
.064 
.113 
.067 
.076 
.113 
.113 
.119 

3  846 
1029 
1590 

4  317 
4  416 
2  748 

1  664 

2  716 

3  990 
909 

2  403 

3  230 
1866 

376  384 

34  723 

Distance  traveled  before  an  accident  oc- 
curs.   Miles 

14 

2 

0 

16 

7 

1 

1 

9 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

1 

1 

8 

0 

0 

8 

10 

1 

0 

11 

K 

0 

2 

10 

17 

1 

4 

22 

4 

1 

0 

5 

0 

0 

0 

0 

II 

0 

1 

1 

0 

0 

.         » 

0 

C8 

6 

10 

84 

510 

6  954 

3  472 

413 

Broadway. 
Wall  street. 
Chestnut  street. 
Wabash  avenue. 
Clark  street. 
Devonshire  street. 
Washington  street. 
Broadway. 

Tchoupitoulas  street. 
Seventh  street. 
Main  street. 

Farnham  street. 


3.  — Wood    Paats^ients, 


Chicago 

Boston 

St.  Louis 

21  972 
41700 
7  242 

.75 
.76 
.78 

.113 

.045 
.076 

2  483 

1876 

542 

i           0 
10 
2 

0 
4 

1 

0 
0 

1 

0 
14 

4 

La  Salle  street. 
Devonshire  street. 
Chestnut  street. 

Total 

70  914 

4  9111 

13 
408. 

5 
980 

1 
4901 

18 
272 

Distance  traveled  before  an 

accident  oc- 
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TABLE  No.  4. — Distance  Traveled  (in  mtles)  before  an  A.ccident 

Occurs: 


Falls  on 
Knees. 

Falls  on 
Haunches. 

Complete 
Falls. 

Accidents 
of  any  kind. 

Asphalt 

Granite 

1534 
510 
408 

2  180 

5  954 

983 

1  647 

3  472 

4  901 

583 
413 

Wood 

272 

From  which  it  appears  that  in  falls  on  knees  the  order  of  excellence  is 
asphalt,  granite,  wood;  in  falls  on  haunches,  granite,  asphalt,  wood;  and 
complete  falls  wood,  granite,  asjihalt.  This  shows  that  while  a  horse 
will  bark  his  knees  more  frequently  on  granite  than  on  asphalt,  yet  he 
will  be  thrown,  by  pulling  him  up  suddenly  and  throwing  his  hind  legs 
from  under  him,  more  frequently  on  asphalt  than  on  granite.  Nearly 
every  "  complete  fall"  on  asphalt  is  reported  as  due  to  this  carelessness 
in  driving.  On  the  other  hand  the  accidents  on  granite  are  largely  due 
to  bad  blocks.  Even  in  the  newer  granite  block  pavements  the  mistake 
is  made  of  using  blocks  nearly  five  inches  in  width.  If  the  horse  misses 
his  hold  on  the  first  joint  his  foot  is  pretty  sure  to  go  out  from  under  him. 
In  Manchester  and  Liverpool,  whose  granite  pavements  are  the  admira- 
tion of  every  one  who  has  seen  them,  the  blocks  average  only  three 
inches  in  width;  and  the  horse  has  a  chance  to  catch  on  the  second  joint 
if  he  slips  from  the  first. 

For  the  purpose  of  comparison,  the  Table  No.  5  is  given,  showing 
the  percentage  of  each  class  of  falls,  as  taken  from  Colonel  Haywood's 
report,  and  from  my  own  observations  : 


TABLE  No.  5. 


LONDOK. 

American  Cities. 

Falls 

on 
Knees. 

Falls 

on 

Haunches. 

1 

i 

Complete   ' 

Falls.       j 

! 

Falls 

on 
Knees. 

Falls 

on 

Haunches. 

Complete 
Falls. 

Asphalt 

Granite 

Wood 

32  per  cent. 

46 

85 

24  per  cent. 
8 
3 

! 
44  per  cent. 

46 

12 

1 

38  per  cent. 

81 

66 

27  per  cent. 

7 
28 

35  per  cent. 
12 
6 
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The  principal  difference  in  these  two  tables  is  the  much  greater 
proportion  of  complete  falls  on  the  granite  pavements  of  London  in 
comparison  with  those  of  America.  The  reason  of  this  is  not  clear.  It 
may  be  due  to  the  fact  that  a  horse  who  loses  his  fore-feet  on  the  London 
streets  is  apt  to  go  down  altogether  on  account  of  the  "grease,"  where- 
as he  may  recover  himself  on  the  American  streets. 

Colonel  Haywood's  report  classifies  his  accidents  according  to  grade 
of  street,  cleanliness  of  street,  state  of  the  weather,  rate  of  travel  and 
method  of  harnessing.  Into  these  refinements  I  have  not  attempted  to 
enter.  The  only  classification  I  have  made  is  according  to  the  nature 
of  the  pavement.  With  one  exception  the  grades  here  observed  were  all 
flat,  /.  e.,  less  than  2  J  in  100,  and  no  distinction  was  made  for  weather 
or  cleanliness. 

The  general  result  of  the  observations,  both  in  London  and  in  this 
country,  shows  that  there  is  much  less  difference  as  regards  slipperiness 
between  asphalt  and  granite  pavements  than  is  generally  supposed  ;  that 
for  falls  on  the  knees  granite  is  more  slippery  than  asphalt,  while  for 
falls  on  the  haunches  asphalt  is  more  slippery  than  granite  ;  and  that, 
without  classifying  the  nature  of  the  fall,  about  40  per  cent,  more  horses 
fall  on  granite  than  on  asphalt.  It  is  needless  to  remark  that  these 
facts  are  quite  oj^posed  to  the  popular  opinion  on  the  subject. 
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KEMARKS  ON  THE  AERATION  OF  WATER. 


By  Chakles  B.  Brush,  M.  Am.  Soc.  C.  E. 
Reab  at  the  Annual  Convention,  June  26th,  1885. 

The  following  statement  relates  to  tlie  i^rocess  for  the  aeration  of 
water,  as  introduced  during  the  past  year  on  the  works  of  the  Hacken- 
sack  Water  Company,  and  as  now  being  introduced  iu  the  Citj  of  Phila- 
delphia. The  Hackensack  Water  Company,  reorganized,  supplies  that 
portion  of  New  Jersey  on  the  west  bank  of  the  Hudson  River,  lying 
opposite  that  portion  of  the  City  of  New  York  above  Grand  street, 
and  including  Hoboken,  Union  Hill,  Weehawken,  North  Bergen, 
Ridgefield,  Hackensack  and  other  adjacent  j^laces.  The  water  is 
taken  from  the  Hackensack  River  at  New  Milford,  about  five  miles 
above  Hackensack;  from  thence  it  is  pumped  14  miles  through  a  cast- 
iron  main  to  the  principal  reservoir  on  the  heights  north  of  Hoboken. 
The  Hackensack  Reservoir  is  connected  with  this  main  about  three 
miles  from  the  pumi)ing  station. 

During  June,  1884,  an  unpleasant  taste  and  smell  was  first  noticed  in 
the  water  furnished  to  Hoboken  ;  in  July  these  peculiarities  became 
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very  pronounced,  and  then  a  green  scum  began  to  collect  on  the  Avater 
in  the  Hoboken  Reservoir.  After  a  whUe  this  took  the  appearance  of 
green  paint.  The  reservoirs  were  full  in  anticipation  of  the  summer 
drought.  There  was  no  unpleasant  taste  or  smell  from  the  water  drawn 
along  the  force  main;  none  from  the  water  in  the  river;  none  in  the 
water  supplied  to  Haekensack;  and  none  in  the  Hackensack  Reservoir; 
but  after  the  water  was  delivered  into  the  Hoboken  Reservoir  the  taste 
and  smell  became  offensive.  As  soon  as  this  green  scum  appeared  on 
the  surface  of  the  water  in  the  Hoboken  Reservoir,  the  water  in  that 
reservoir  was  cut  off  from  the  city,  and  Hoboken  was  supplied  directly 
from  the  pumj^s.  I  found  that  by  keeping  the  water  in  motion  from 
the  time  it  left  the  river  until  it  was  delivered  to  consumers  in  Hobo- 
ken, the  unpleasant  taste  and  smell  largely  disappeared.  The  assistance 
of  Dr.  Leeds,  of  Stevens  Institute,  was  then  obtained.  We  found  that 
this  green  scum  continued  to  increase  on  the  surface  of  the  water  in  the 
reservoir  until  a  white  scum  appeared  in  the  middle  of  it,  with  a  fur- 
ther development  of  bluish  streaks  and  a  foam-like  appearance, 
culminating  finally  in  white  patches  over  much  of  the  bluish-green 
surface.  This  remarkable  appearance  was  confined  to  the  surface,  the 
water  2  feet  below  not  being  visibly  affected.  When  the  wind  sprang 
up  this  discoloration  disappeared.  Analyses,  frequently  made,  showed 
that  there  was  a  deficient  supply  of  oxygen  in  the  water,  and  that  this 
development  of  green  algce  increased  as  the  supply  of  oxygen  in  solu- 
tion in  the  water  decreased.  In  its  normal  condition  the  amount  of 
oxygen  in  solution  in  good  water  is  about  6  J  cubic  centimeters  per  liter, 
"1*0%  of  1  i^er  cent,  by  volume,  but  in  this  case  it  had  run  down  to  about 
3i  cubic  centimeters.  The  drainage  area  of  the  works  is  about  100 
square  miles.  There  is  no  sewage  pollution  in  this  area.  The  difficulty 
was  entirely  of  vegetable  origin.  Since  the  deficiency  in  oxygen,  to- 
gether with  a  somewhat  large  percentage  of  dissolved  extractive  matters 
of  vegetable  origin,  were  the  only  abnormal  features  revealed  by 
chemical  analysis,  Dr.  Leeds  suggested  that  we  could  improve  the  water 
by  supplying  the  oxygen  requisite  to  bring  the  water  to  its  normal  con- 
dition, and  probably  succeed  in  oxidizing  the  dissolved  extractive  mat- 
ters at  the  same  time.  He  had  found  by  laboratory  experiment  that  he 
could  cause  the  offensive  taste  and  smell  which  affected  the  Phila- 
delphia water  supply  as  taken  from  the  Schuylkill  River  in  January, 
1883,  to  entirely  disappear,  and  had  been  led  to  devise  a  process  by 
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which  aeration  could  be  easily  applied.  The  benefit  of  aeration  of  po- 
table water  has  indeed  been  recognized  from  time  immemorial,  and  had 
already  been  made  the  subject  of  certain  patents  in  this  country  by  Mr. 
R.  d'Heureiise,  but  these  involved  the  use  of  air  at  merely  ordinary  at- 
mospheric pressure.  Dr.  Leeds  controls  these  patents,  but  has  improved 
upon  them  by  introducing  the  air  under  greater  pressure,  which  not  only 
causes  the  work  of  oxidation  to  be  very  rapidly  and  effectually  per- 
formed, but  makes  the  process  of  such  a  character  as  to  be  easily  applied 
in  "liractice.  Under  his  advice  we  set  up  air  compressors  at  New  Milford, 
and  forced  air  into  the  mains  under  a  pressure  of  about  125  pounds  to  the 
square  inch.  By  so  doing  the  oxygen  in  the  water  is  increased,  and,  ordi- 
narily, when  the  water  is  not  turbid  from  suspended  earthy  matter  (a  diflS- 
culty  encountered  after  heavy  storms,  and  which,  of  course,  can  only  be 
completely  removed  by  filtration),  it  manifests  a  sparkling  appearance  and 
has  only  a  pleasant  taste  and  smell.  The  water  as  drawn  from  the  main 
is  often  perfectly  white,  but  in  a  moment  it  clears  up  from  the  bottom 
like  soda  water,  and  those  who  take  the  water  directly  from  the  main 
drink  it  with  delight  while  still  effervescent.  AYe  commenced  in  Sep- 
tember, 1884,  with  this  aeration  process.  We  had  no  difficulty  during 
the  fall  and  expected  none;  but  during  the  Aviuter  there  was  a  taste  and 
smell  in  the  water  which  was  supplied  to  Hackensack.  There  was  some 
40  or  50  days'  supply  in  the  reservoir  of  that  town,  which  was  covered 
with  ice  2  or  3  feet  thick,  and  all  the  streams  that  supplied  oixr  j^ump- 
ing  station  were  covered  with  ice.  In  order  to  test  the  aeration  theory,  we 
pumped  air  directly  into  the  distribution  main  at  Hackensack;  within  six 
hours  the  smell  and  taste  had  disappeared  from  the  water  in  these  mains. 
Then  we  cut  the  ice  and  pumped  air  into  the  water  in  the  reservoir, 
after  which  the  difficulty  there  also  disaiDpeared.  On  May  30th,  1885, 
the  smell  and  taste  again  appeared  in  the  water  supplied  to  Hoboken. 
We  were  partially  aerating  the  water  at  the  time;  weincreased  the  amount 
of  air  supplied  and  the  smell  and  taste  entirely  disappeared.  At  jjresent 
the  condition  of  the  water  seems  to  be  excellent.  We  are,  it  is  true, 
just  entering  our  dangerous  season.  Perhaps  the  aeration  process 
will  not  carry  us  through,  but  we  believe  it  will.  We  are  careful  to 
keej)  the  water  in  our  reservoirs  so  moving  that  every  part  shall  be 
supplied  with  aerated  water.  We  also  keep  the  reservoirs  properly 
stocked  with  fish,  principally  carp  and  black  bass,  removing  them  as 
they  become  too  numerous.    Analyses  of  the  water  from  different  points 
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are  made  once  a  month,  and  sometimes  oftener.  Microscopic  examina- 
tions are  made  also,  whicli  show  that  the  animal  life  is  changed  in  differ- 
ent conditions  of  the  water. 


DISCUSSION. 

Col.  WniiiAM  E.  Merrill,  M.  Am.  Soc.  C.  E. — Drinking  water  is  pre- 
sumably affected  by  sunlight.  I  observed  some  years  ago  that  all  the 
reservoirs  in  Paris  were  entirely  covered,  so  that  the  water  was  kept  in 
the  same  condition  as  it  would  be  in  any  subterranean  reservoir,  and  it 
occurred  to  me  that  many  of  these  vegetable  organisms  that  appear  on 
water  and  cause  this  taste  and  smell  are  due  to  the  vivifying  action  of 
the  sun.  I  would  like  to  ask  whether  the  supply  to  Hackensack  and 
Hoboken  is  exposed  to  the  sunlight. 

Mr.  Brush. — Most  of  it  is  exijosed  to  the  sunlight.  The  flow  of  thq. 
river  is  from  20  000  000  to  600  000  000  gallons  per  day,  and  the  worst 
stage  is  at  its  time  of  least  flow.  I  believe  that  the  offensive  condition 
of  the  water  is  due  to  the  slow  flow  and  the  decomposition  of  vegetation 
in  the  river.  There  is  not  vitality  enough  in  the  water  to  resist,  burn 
up,  or  throw  off  the  impregnating  effect  of  decomjiosing  vegetation. 
As  long  as  the  water  is  actually  in  motion  it  does  not  stagnate  and 
ferment;  but  will  do  so  soon  after  coming  to  rest.  If  I  am  right  in  this 
view,  I  do  not  see  that  any  practical  gain  will  be  obtained  by  covering 
the  reservoir;  this  operation  will  always  be  expensive,  and  often  imprac- 
ticable. If  the  water  contains  sufficient  oxygen  in  solution,  I  believe 
that  the  more  sun,  air  and  motion  we  give  to  water  the  better  it  will  be. 

Col.  Mekkill. — That  is  so  contrary  to  European  practice,  that  I 
think  it  ought  to  be  discussed. 

J.  F.  Flagg,  M.  Am.  Soc.  C.  E. — This  scum  is  vegetable  matter  ? 

Mr.  Brush. — It  is  the  result  of  vegetation. 

Mr.  Flagg. — Is  it  growing  vegetable  matter  ? 

Mr.  Brush. — No,  it  is  not  growing.     It  looks  like  green  paint. 

Mr.  Flagg. — Do  you  supi^ose  it  is  decomposed  ? 

Mr.  Brush. — Yes,  in  some  process  of  decomposition.  I  take  it 
that  the  wild  plants  along  the  river  would  naturally  improve  the 
water,  yet  when  the  water  gets  to  that  slow  stage  of  flow,  vegetable  life 
appears  which  is  injurious.  This  vegetation  does  not  aj^pear  while  the 
water  is  kept  in  active  motion. 
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James  B.  Francis,  M.  Am.  Soc.  C.  E. — What  is  the  depth  of  the 
reservoir  ? 

Mr.  Brush. — The  reservoir  is  not  large.  The  main  reservoir  is  16 
feet  deep;  the  small  one  13  feet. 

Mr.  Francis. — Is  there  any  marked  difference  in  the  water  as  you  go 
down  ? 

Mr.  Brush.  — I  do  not  allow  much  difference  to  appear,  because  I 
keej)  it  in  constant  motion.  After  that  trouble  at  the  Hackensack  Eiver 
I  found  that  the  reservoir  at  Hackensack,  which  was  built  long  ago, 
before  I  had  anything  to  do  with  it,  was  built  in  such  a  way  that  the 
lower  eight  feet  had  no  circulation  and  the  water  was  taken  directly  above 
that,  and  my  impression  was  that  the  taste  and  smell  came  from  that 
lower  portion.  I  drew  that  all  off  and  there  has  been  no  cpmplaint 
received  since. 

Mr.  Francis. — I  would  like  to  say  to  Col.  Merrill  that  the  covering 
of  the  reservoirs  in  Europe  has  a  different  object  in  view  from  the  one 
he  mentioned,  namely,  to  jDrotect  the  water  from  dust  and  soot.  Many 
of  them  are  near  cities  where  dust  and  soot  accumulate  very  rapidly. 

Col.  Merrill. —That  no  doubt  is  a  very  imjiortant  object.  But  is  it 
jjossible  for  any  organism  to  gTow  in  water  unless  you  have  some  ozone  ? 
In  an  artesian  well  you  have  pure  water — nothing  can  haj^pen  to  it;  no 
vegetable  organism  can  appear.  Now,  if  you  put  water  where  no  sun 
can  get  at  it,  is  it  not  likely  to  be  pure  ?  Can  anything  live  without 
sunlight  ?  It  seems  to  me  that  if  Mr.  Brush  would  combine  his  method 
of  aeration  with  this  method,  keeping  the  water  away  from  the  influences 
that  cause  life,  then  the  combination  would  be  perfect. 

J.  N.  Tubes,  M.  Am.  Soc.  C.  E. — I  agree  to  a  certain  extent  with 
Colonel  Merrill.  I  am  connected  with  water-works  in  Eochester,  N. 
Y.  Of  course  these  odors  in  water  are  produced  by  a  variety  of  causes. 
Our  experience  was  something  like  this.  Our  water  supply  is  taken 
from  a  mountain  lake  about  seven  miles  long  and  one-half  to  three-quar- 
ters of  a  mile  wide.  It  is  carried  in  a  close  conduit  of  iron  and  dis- 
charged into  a  reservoir,  and  then  carried  nine  miles  and  discharged  into 
another  reservoir.  In  1876,  the  first  year  the  works  were  opened,  a  very 
disagreeable  smell,  denominated  "fishy,"  was  discovered  in  the  water, 
and  it  continued  during  the  months  of  September  and  October,  and  even 
later.  The  conduit  then  extended  out  into  the  lake  itself  about  600  feet 
by  a  flexible-joint  pipe  three  feet  in   diameter  and   opening  three  or 


144  DISCUSSION    ON    AERATION   OF    WATER. 

four  feet  from  the  surface.  The  trouble  continued  for  two  or  three 
months.  In  the  succeeding  year  this  pipe  was  put  into  thirty  feet  of 
water;  in  the  year  after  that  some  difficulty  occurred  at  the  Lake. 
I  happened  to  be  there,  and  it  was  evidently  from  vegetable  growth 
that  had  reached  maturity  at  the  bottom  and  came  to  the  surface 
of  the  Lake,  perhaps  by  the  propeller  of  a  steamboat  stirring  it  up.  It 
had  an  appearance  like  fine  brick-dust.  There  was  no  particular  odor  or 
taste  to  the  water  until  the  July  sun  came  upon  it,  when  the  vegetable 
organisms  seemed  to  decay,  and  it  was  the  decay  of  these  which 
l^roduced  the  bad  smell.  This  did  not  go  down  any  great  depth — 
two  and  a  half  feet,  perhaps.  All  around  the  shore  of  the  lake  was 
that  smell  like  decaying  tish,  but  none  of  this  reached  the  depth  of 
thirty  feet  where  the  pipes  were.  In  the  construction  of  the  works  we 
had  arranged  to  throw  the  whole  supply  of  water  into  the  air  for  the 
purpose  of  aeration.  A  twenty-four  inch  main  is  carried  up  through 
masonry  and  is  discharged  in  twenty- one  jets  into  the  air  under  the  head 
of  the  storage  reservoir  eight  or  nine  miles  away.  It  goes  uiJ  into  the 
air  and  is  thoroughly  aerated.  This  was  done  while  the  fishy  odor  was 
present,  but  while  it  did  some  good  it  did  not  seem  to  do  much.  I 
am  of  opinion  that  these  vegetable  organisms  grow  in  j^atches  in 
localities  beneath  the  water,  and  when  they  reach  the  surface  the  sun 
causes  them  to  die  and  then  there  is  a  disagreeable  smell.  I  think 
that  when  this  occurs  no  aeration  will  do  much  good,  and  the  remedies 
must  be  applied  to  the  source  of  the  growth  of  these  organisms ;  and  I 
believe,  further,  that  the  suggestion  of  Col.  Merrill,  that  the  covering 
over  of  the  water,  without  preventing  the  free  access  of  the  air,  will,  to 
a  large  extent  prevent  the  decay  and  the  disagreeable  results  following. 
J.  J.  E.  Ckoes,  M.  Am.  Soc.  C.  E.— In  some  places  where  ground 
water  is  depended  upon  for  the  supply  of  water  to  towns — and  is  drawn 
from  covered  galleries,  there  has  not,  so  far  as  I  know,  been  trouble 
from  the  growth  of  nhja';  but  in  a  number  of  cases  where  pure  spring 
water  is  received  in  open  galleries,  on  exposure  to  the  sunlight  in 
the  basins  where  it  is  received,  nearly  every  summer  the  water  be- 
comes intensely  disagreeable,  getting  a  cucumber  or  a  fishy  taste. 
That  has  been  the  case  in  Taunton,  Mass.,  where  an  open  gallery  was 
Tised.  At  certain  periods  of  the  year  there  has  been  trouble  from  the 
fishy  taste  and  smell.  During  last  winter  that  gallery  was  extended 
and  a  connection  made  with  the  river;  not  a  pipe  directly,  but  on  the 
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river-side  an  embaiikmeut  of  coarse  gravel  and  broken  stone  was  built, 
tlirougli  which  the  water  percolated,  filtering  it  to  a  certain  extent. 
Just  before  the  river  water  was  introduced  into  the  gallery,  this  smell 
and  taste  occurred  in  the  old  basin,  but  in  a  letter  from  the  Super- 
intendent, Mr.  Billings,  he  said  that  since  the  introduction  of  the 
river  water  into  the  basins,  part  of  the  sujiplj  being  taken  from  the 
ground  water  and  part  from  the  river,  the  taste  and  smell  had  en- 
tirely disappeared;  that  the  mixture  of  the  two  waters  had  caused  the 
vegetable  organisms  to  disapi^ear.  I  think  that  in  no  case  where  these 
underground  basins  are  entirely  covered,  and  the  water  protected  from 
the  air  until  it  has  reached  the  consumers,  has  there  been  any  unpleas- 
ant odor  or  taste;  but  in  every  case  where  this  underground  water  is 
exposed  to  the  sunlight  before  it  is  pumiced  into  the  mains,  something 
of  the  kind  has  occurred  during  the  summer. 

Mr.  J.  B.  Frakois. — The  experience  in  Boston  in  the  aqueduct  might 
favor  Col.  Merrill's  idea.  Vegetable  matter  upon  the  aqueduct  there, 
when  examined,  was  found  generally  to  be  very  dense  at  the  commence- 
ment of  the  aqueduct,  gradually  declining  until  it  disappeared  at  some 
distance.  Whether  that  was  caused  by  getting  into  the  dark  is  a 
question. 

Mr.  Brush. — The  water  we  supply  to  our  high-service  consumers  on 
Union  Hill  was  not  exposed  to  the  sun.  It  was  taken  directly  from  the 
main  and  stored  in  a  covered  tank  ojjen  to  the  air.  During  our  trouble 
the  complaint  from  our  high-service  consumers  was  as  emphatic  as  from 
those  who  were  supplied  directly  from  the  Hoboken  Keservoir. 

Emil  KtJicHLixG,  M.  Am.  Soc.  C.  E. — I  have  seen  quite  a  number 
of  these  covered  reservoirs  and  I  have  not  been  able  to  find  that  even 
when  covered  completely  they  serve  to  prevent  the  growth  of  vegetable 
matter.  A  case  in  point  is  one  at  Hanover,  a  new  reservoir.  There 
was  vegetable  matter  occurring  there  which  I  saw  myself,  a  fine 
species  of  algih'  without  much  color.  Biological  researches  have  shown 
that  the  color  of  these  vegetable  organisms  is  dependent  ujjon  the 
amount  of  light  they  receive.  Some  species  of  algce  were  cultivated 
in  the  laboratory  at  Leipsic  in  a  glass  tube,  and  as  they  exposed 
this  glass  to  the  light,  it  developed  according  to  the  intensity  of 
the  light  a  red  color  or  a  green  color  uijou  the  alfi<f.  In  some  cases 
they  were  simply  colorless  and  yet  they  could  be  detected.  In  Berlin 
they  have  a  series  of  wells  along  the  shore  of  Tegeler  Lake,  and  in  these 
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wells  they  discovered  a  few  years  ago  a  growth  of  vegetable  matter  which 
has  been  the  subject  of  investigation  by  some  of  the  most  eminent 
scientists  of  Berlin.  It  grows  in  the  filtering  gallery  and  also  in  their 
force  mains  to  such  an  extent  as  to  almost  close  up  the  mains.  The 
exclusion  of  light  is  therefore  not  sufficient  to  prodiice  immunity  from 
this  vegetable  growth.  A  number  of  other  wells  in  Europe  as  well  as 
in  this  country  show  growths  of  alg(t\  There  is  not  so  much  smell  or 
taste  in  waters  thus  stored,  which  is  due  perhaps  to  the  fact  that  they 
are  protected  somewhat  from  the  sun  and  from  the  effect  of  sunlight 
itself.  The  cases  observed  indicated  a  slight  taste  of  the  water,  also  a 
slight  smell,  but  not  sufficient  to  become  offensive.  Heat  and  light 
together  will  cause  a  different  state  of  growth  and  development  of  these 
plants  than  if  they  were  jilaced  in  abnormal  conditions  of  darkness. 
The  spores  will  get  into  water.  No  amount  of  filtration  has  sufficed 
to  keep  these  germs  out.  The  experiments  of'  Professor  Pumpelly  for 
the  National  Board  of  Health  two  or  three  years  ago,  showed  that  these 
germs  could  still  be  cultivated  and  were  in  water  after  filtration  through 
one  hundred  feet  of  sand.  Now  if  we  find  these  spores  of  vegetable 
matter  in  a  well  sunk  into  the  subsoil  of  broad  valleys,  and  also  find 
them  after  filtration,  in  storage  reservoirs,  it  seems  to  me  that  the 
question  is  still  a  debatable  and  an  unsolved  one  how  to  treat  them. 
The  aeration  of  the  water  at  Rochester,  as  passed  ui?  though  the  fount- 
ain of  the  distributing  reservoir,  had  the  effect  of  modifying  the  taste 
to  a  large  extent,  but  standing  to  the  leeward  side  of  this  fountain  one 
could  easily  detect,  three  hundred  feet  from  it,  the  peculiar  fishy 
smell,  although  there  w^as  a  considerable  improvement  in  the  quality 
of  the  water. 
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THE    ABT    SYSTEM    OF   RAILWAY    FOR  STEEP 
INCLINES. 


By  WAI.TON  W.  Evans,  M.  Am.  Soc.  C.  E. 
Read  Octobek  21st,  1885. 


The  problem  of  how  to  climb  steep  inclines  on  railways  in  the  best 
and  most  economical  way,  has  taxed  the  inventive  powers  and  exercised 
the  brains  of  many  and  clever  engineers.  A  third  of  a  century  or  more 
ago,  almost  all  of  the  imjiortant  valleys  of  the  civilized  world  had  been 
occupied  by  railways  depending  on  weight  and  the  adhesion  of  smooth 
surfaces  as  the  chief  elements  of  traction  in  moving  railway  trains.  As 
the  engine  began  to  mount  inclines,  and  as  there  was  an  ever-increasing 
desire  to  haul  heavier  trains,  the  locomotive  was  enlarged  in  all  its  ca- 
pacities and  made  more  ponderous.  The  rail  had  to  grow  in  weight  and 
size  to  be  able  to  carry  the  locomotive  and  perform  its  part  of  the  duty, 
and  excellent  as  have  been  the  results  on  easier  gradients  in  the  reduc- 
tion of  cost  of  transi^ortation.  when  we  come  to  steeper  inclines  the  ser- 
vice fails  in  an  alarmingly  rapid  degree.  There  the  locomotive  with  its 
five  pairs  of  wheels  coujsled  and  a  total  weight  of  144  000  pounds,  having 
128  000  i^ounds  on  the  driving-wheels,  has  become  a  perfect  giant.  Yet 
a  giant  who  is  chiefly  seen  wrestling  with  his  own  stupendous  mass  is 
a  sore  exhibit  of  impotence,  and  this  brings  us  to  a  point  where  we 
may  with  propriety  say,  stop,  we  can  go  no  further,  we  have  come  to 
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conditions  where  these  Saturn-Hke  monsters  are  devouring  everything 
but  the  empty  pockets  of  the  sharehokler.  We  know  that  there  are  rich 
valleys  up  in  mountain  districts  ;  we  know  that  there  are  rich  veins  of 
minerals  up  in  mountain  regions  that  the  greed  of  man  and  his  ever- 
restless  march  to  the  front  is  anxious  to  develop.  There  is  a  trite 
old  saying  that  "Where  there's  a  will,  there's  a  way."  It  would  be  a 
sad  thing  if  we  had  to  cry  "halt"  in  railway  progress,  and  had  arrived 
at  a  point  beyond  which  we  could  not  go.  We  should  hail  with  joy  any 
invention  that  bids  fair  to  let  us  take  another  step  in  advance  in  solving 
this  great  problem  of  making  the  steel-shod  horse  ascend  the  inclines  of 
a  mountain  side. 

The  writer  has  studied  the  inventions  and  improvements  of  Mr.  Roman 
Abt,  of  Switzerland,  and  believes  that  he  has  done  a  great  deal  towards 
solving  the  problem  we  are  interested  in,  and  by  so  doing  he  has  ojiened 
new  fields  for  railway  enterprise  and  for  the  athletic  exercises  of  the 
iron  horse.  But  before  entering  on  a  description  of  the  Abt  system  of 
railway,  and  the  machinery  he  uses  to  produce  economical  results,  it  is 
proper  to  review  the  past  history  of  the  designs  and  inventions  con- 
nected with  overcoming  steep  railway  gradients.  It  is  always  fascina- 
ting to  note  how  ideas  spring  up,  prevail  for  a  time,  are  finally  rejected, 
to  be  taken  up  anew  and  stamped  in  the  molds  of  advanced  and  i>ro- 
gressive  arts.  Everything  has  its  proper  time.  Slow  is  the  course  of 
true  progress,  but,   "Chi  va  piano,  va  sano." 

HisTORiCAii  Review. 

When  Trevithick,  in  1804,  had  succeeded  in  Ijxiilding  the  first  loco- 
motive engine  that  ever  pulled  a  train  of  loaded  cars,  an  event  that 
took  place  on  the  Merthyr  Tydvil  Railway  in  South  Wales,  he  relied 
merely  on  the  adhesion  between  his  smooth  driving-wheels  and  smooth 
rails  for  obtaining  the  requisite  traction.  His  locomotive  being  light, 
the  tractive  power  appeared  to  be  very  small,  and  yet  the  engine 
Aveight  was  more  than  the  cast-iron  tram-plates  of  those  days  could 
stand.  Instead  of  grasping  the  proper  remedies  of  greater  engine  weight 
combined  with  stronger  rails — those  remedies  which  led  to  the  wonderful 
developments  of  later  years — Trevithick,  partly  also  because  called  away 
by  other  interests,  gave  up  all  further  attempts  to  improve  upon  his 
locomotive,  and  expressed  the  conviction  that  nothing  but  some  addi- 
tional means  of  propulsion  could  yield  satisfactory  results. 
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A  suggestion  like  this,  coming  from  so  i)rominent  an  engineer  as 
Trevithick,  did  not  fail  to  shape  the  course  of  inventive  genius  for  the 
following  years.  But  nothing  of  a  practical  nature  was  developed  until, 
in  1811,  Blenkinsop  obtained  an  English  jiatent  for  the  application  of  a 
rack  laid  all  along  the  line  of  a  raihvay,  with  a  corresponding  driving- 
pinion  on  the  locomotive.  This  plan  was  at  once  executed  on  a  raihvay 
leading  from  Leeds,  in  England  to  the  Middletou  Coal  Pits.  The 
opening  of  the  line  occurred  August  12tli,  1812,  and  though  rack  and 
engine  were  of  an  extremely  primitive  construction,  yet  this  mode  of 
operation  remained  in  use  for  over  twenty  years  in  the  transportation 
of  coals  from  the  Middleton  Pits  to  Leeds,  The  piniou  alone  furnished 
the  traction,  and  the  engine  worked  ou  gradients  of  1  in  15.  Here, 
then,  appears  for  the  first  time  an  effective  means  for  operating  heavy 
inclines  by  locomotive  power.  The  action  of  the  pinion  in  the  rack  is 
positive,  and  the  amount  of  traction  is  limited  only  by  the  dimen- 
sions of  rack  and  pinion,  and  is  practically  independent  of  the  engine 
■weight. 

Fruitful  as  this  idea  would  have  seemed  to  be,  and  notwithstanding 
the  fact  that  the  light  locomotives  of  the  earlier  railroad  era  excluded 
any  economic  oj^eration  of  steeper  gradients,  the  rack  and  pinion  found 
no  friends  in  its  immediate  adaptation  to  the  regular  railw^ay  system. 
The  lines  were  universally  develojied  with  easy  gradients— even  Steph- 
enson himself  thought  that  the  economical  limit  was  reached  with  a 
gradient  of  1  in  200,  a  limit  which  De  Pambour  later  on  extended  to 
1  in  100,  and  whenever  a  sudden  rise  or  steeper  gradients  were  en- 
coiintered,  they  were  overcome  by  means  of  ropes  and  stationary  en- 
gines, much  in  the  fashion  that  inclined  jilanes  in  coal  pits  had  already 
been  worked  for  a  long  time.  These  inclined  rope  sections  once 
formed  a  prominent  feature  on  many  an  important  railway  in  Europe, 
as  well  as  in  the  United  States;  but  one  by  one  they  were  adapted  to  reg- 
ular locomotive  service,  and  with  perhaps  some  few  exceptions,  on  roads 
of  secondary  importance,  they  have  long  since  become  a  mere  matter  of 
history.     Inconvenience  and  expense  have  sealed  their  fates. 

The  so-called  atmospheric  railways  formed  a  curious  phase  in  the 
struggle  for  supremacy  among  the  means  of  transportation.  Thev  took 
practical  shape  during  the  interval  from  1840  to  1848,  and  occujiied 
the  closest  attention  of  prominent  engineers.  Millions  were  spent  in 
England  and  France  in  the  perfection  of  these  schemes,  and  millions 
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and  sctemes  disai^peared  together.  It  had  been  exi:)ected  that  this  mode 
of  propulsion  would  be  of  special  use  in  the  operation  of  steej)  inclines, 
and  it  therefore  deserves  a  passing  mention. 

In  1847,  a  bold  attempt  was  made  in  our  country  to  adapt  the  rack  and 
pinion  to  the  requirements  of  a  regular  railway  line.  The  experiment 
took  place  on  an  inclined  jjlane  of  1  in  17  of  the  Madison  and  Indian- 
apolis Railroad.*  Besides  the  regular  adhesion  devices,  the  locomotive 
was  provided  with  an  independent  and  sejiarately  working  steam  engine 
for  driving  the  pinion  mechanism.  Both  adhesion  and  pinion  worked 
simultaneously  and  assisted  each  other,  and  this  co-operation  consti- 
tuted a  signal  advance  over  the  original  arrangement  of  BlenkinsoiJ. 
But  there  was  no  end  of  repairs  to  the  cast-iron  rack,  and  these  expen- 
sive repairs,  and  a  somewhat  defective  design  of  the  engines,  led  first 
to  rope  traction  as  a  substitute,  which,  in  the  natural  course  of  things, 
as  elsewhere,  gave  way  to  locomotive  service.  As  long  as  a  cast-iron 
rack-rail  had  to  be  employed,  this  system  had  no  possible  chance  for 
any  larger  apj)lications,  and  with  the  state  of  the  arts  in  those  days,  it 
was  bound  to  fail.  Everywhere  adhesion  was  made  to  do  the  service  as 
best  it  could. 

Almost  simultaneously  with  this  described  effort  on  the  Madison  and 
Indianapolis  Railroad,  George  Escol  Sellers,  of  Cincinnati,  ajjpeared 
with  a  plan  for  working  inclines  by  laying  a  smooth  center-rail,  and  by 
supplying  the  regular  locomotive  with  a  pair  of  horizontal  friction  roll- 
ers, pressing  againt  the  center-rail,  and  being  oj^erated  by  a  special  set 
of  cylinders.  These  friction  rollers  were  to  produce  an  additional  tract- 
ive power  suflScient  to  overcome  very  steep  inclines.  The  proijosition 
of  a  center-rail  and  horizontal  friction  wheels  as  a  means  to  increase 
traction  had  already  been  made  by  Vignolles  and  Ericsson,  previous  to  the 
historic  competition  on  the  Liverpool  and  Manchester  Railway,  but 
George  Escol  Sellers  appears  to  have  been  the  first  one  to  distinctly  pro- 
l^ose  the  use  of  a  smooth  center-rail  for  climbing  steep  gradients.  His 
plan,  as  laid  down  in  a  comprehensive  and  very  lucid  pamphlet,  i)ub- 
lished  in  Cincinnati  in  1849,  contains  many  very  ingenious  suggestions 
and  details,  among  which  may  be  mentioned  the  clever  manner  by  which 

*  A  full  account  of  the  inclined  plane  near  Indianapolis,  with  descrijitions  of  the  rack- 
rail,  and  of  various  locomotives  and  attachments  used  in  connection  with  it,  and  also  of  the 
final  use  of  the  same  plane  by  a  gravity  locomotive,  is  given  in  paper  No.  158,  by  M.J.  Becker, 
M.  Am.  Soc.  C.  E.,  in  the  Transactions  of  the  American  Society  of  Oivil  Engineers,  Vol.  VI, 
page  68  (March,  1878). 
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the  resistance  of  the  train  was  made  to  create  the  requisite  pressure  of  the 
friction  wheels  against  the  center-rail.  Mr.  Sellers  had  a  working  model 
built,  which  was  tirst  exhibited  in  Cincinnati  and  subsequently  in  New 
York  in  1848.  When,  stimulated  by  the  all-exciting  gold  discoveries  in 
California,  the  construction  of  the  Panama  Railway  was  decided  upon, 
the  first  surveys  led  to  gradients  for  which  the  ordinary  means  of  loco- 
motion api)eared  to  be  insufficient.  This  gave  a  chance  for  a  practical 
demonstration  of  Mr.  Sellers'  plan  on  a  grand  scale,  and  the  first  en- 
gines for  the  Panama  Railway  were  actually  ordered  and  built  tipon  his 
system.  In  the  meantime,  however,  and  before  these  locomotives  ar- 
rived at  the  Isthmus,  the  present  line,  with  comparatively  light  gradi- 
ents, had  been  discovered.  The  horizontal  adhesion  mechanism  became 
superfluous,  and  the  engines  were  worked  without  it. 

The  year  1851  was  one  of  special  interest  in  the  eventful  develop- 
ment of  the  iron  horse .  It  was  the  year  in  which  the  great  competitive 
trial  took  place  on  the  Semmering  Railway  in  the  Noric  Alps  of  Aus- 
tria, which  was  to  decide  on  the  best  type  of  adhesion  engine  to  work 
that  difficult  line,  with  its  extensive  gradients  of  1  in  45,  1  in  42,  1  in 
40,  and  with  its  numerous  curves.  None  of  the  competing  locomotives 
answered  satisfactorily  in  the  subsequent  regular  service,  and  this  was 
productive  for  several  years  of  many  projects  in  locomotive  construc- 
tion for  working  steep  gradients.  Among  these  we  notice  the  first  ap- 
pearance of  the  double  bogie  engine  by  Cockerill,  in  Seraing,  Belgium, 
which,  in  very  recent  years,  flashed  up  again  into  an  ephemeral  exist- 
ence. We  also  recognize  here  Sellers'  center-rail  and  mechanism  in  a 
proposition  by  Krauss,  but  all  these  plans  found  no  favor,  and  had  to 
give  way  to  the  Engerth  ti/pe  of  locomotives,  and  its  gradual  transforma- 
tion into  the  improved  eight-couplers  of  our  present  day. 

Once  more  we  meet  the  center- rail  of  Sellers,  when  Fell,  in  1867,  ap- 
plied it  practically  in  his  railway  across  the  Mont  Cenis.  That  line 
had  an  average  gradient  of  1  in  25.6,  with  maximum  gradients  of  1  in 
12.  It  remained  in  actual  operation  until  the  tunnel  was  opened  to 
traffic.  This  formed  the  last  practical  attempt  with  a  smooth  center-rail. 
The  engine  was  rather  complicated.  The  tractive  power  depended  entirely 
upon  the  adhesion  of  smooth  surfaces,  and  varied  thus  with  the  state  of 
the  weather  and  the  conditions  of  the  track. 

But  while  Fell  was  busily  engaged  laying  his  center-rail  across  the 
Alps,  Sylvester  Marsh,  in  this  country,  was  at  work  running  a  line  with 
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a  center  rack-rail  to  the  top  of  Mount  Washington.*  There  could  be  no 
doubt  as  to  the  steepness  of  this  road,  its  average  gradient  being  about 
1  in  4.1,  with  a  maximum  gradient  of  1  in  2.67.  The  ground  was 
first  broken  in  the  summer  of  1866.  With  this  Mount  Washington 
Bailway,  the  rack-rail  system  of  Blenkinsop  entered  into  a  new  era  of 
development,  and  this  was  essentially  due  to  the  improvements  in 
the  rack  itself.  Cast-iron,  with  its  low  limit  of  strength  and  its  un- 
reliable qualities,  was  abandoned,  and  wrought-iron  was  used  in  its 
stead  for  the  first  time.  The  change  in  the  material  necessitated  a 
change  in  the  form.  The  rack  took  the  shape  of  a  ladder,  the  sides  being 
formed  by  angle-irons  and  the  roiinds  being  the  teeth  or  cogs,  which 
were  made  of  round  iron.  This  railway  was  comj^letely  finished  in 
1869,  and  since  then,  up  to  the  present  hour,  for  a  period  of  over  15 
years,  it  has  safely  conveyed  thousands  of  tourists  to  the  lofty  summit 
of  Mount  Washington  without  the  loss  of  a  life. 

The  first  sections  of  the  wrought-iron  rack  had  hardly  been  laid  at 
Mount  Washington,  when  tidings  of  what  Marsh  was  doing  in  America 
reached  Switzerland,  that  world-famed  mountain  region.  Shut  in 
by,  and  at  the  same  time  separating,  the  leading  commercial  coun- 
tries of  the  European  continent,  Switzerland  had  always  been  greatly 
benefited  by  the  international  traffic  across  its  snow-capped  mountain 
ranges.  Keenly  awake  to  this  fact,  she  had  always  jealously  watched 
her  interests,  and  with  the  demands  of  growing  trade,  the  bridle-paths 
and  the  mule  caravans  of  a  by-gone  age  gave  way  to  magnificent  road 
structures  with  the  modern  freight  wagon  and  the  stately  post  coach. 
The  roads  over  the  Spliigen,  the  Bernhardin,  the  Lukmanier,  the  St. 
Gothard  and  the  Simplon,  are  masterpieces  in  the  art  of  road-making, 
and  the  boldness  of  some  of  their  parts  will  always  excite  the  wonder  and 
the  admiration  of  the  traveler.  But  jvist  then  the  public  mind  was  in  a 
state  of  growing  excitement.  The  Brenner  Pass  in  Austria,  near  to  the 
eastern  frontier  of  Switzerland,  had  just  been  opened  to  public  traffic, 
and  the  whistle  of  the  locomotive  echoed  and  re-echoed  merrily  along  the 
rocky  line.  Away  down  in  the  southwest,  drilling  machines  were  diligently 
at  work  in  the  heart  of  the  Mont  Cenis,  making  the  big  hole,  where  Fell 
had  the  audacity  to  climb  the  mountain  even  during  the  construction  of 


*  See  descriptions  of  Mount  Washington  Kailway,  by  Charles  W.  Copeland,  M.  Am.  Soc. 
C.  E.,  and  Francis  Collingwood,  M.  Am.  Soc.  C.  E.,  in  the  Proceedings  of  the  American  So- 
ciety of  Civil  Engineers,  Vol.  Ill,  page  12  (February,  1877). 
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the  tunnel.  These  were  threatening  clouds  for  the  vested  rights  of  the 
little  rejjublic,  and  something  had  to  be  done  to  avert  the  danger.  Pro- 
jects of  all  sorts  for  working  steep  gradients  were  freely  discussed,  and 
it  was  a  well-timed  thing  that  tlie  Swiss  representative  in  Washington 
sliould  send  to  his  government  an  official  report  of  Avliat  Marsh  was 
quietly  doing  in  the  White  Mountains.  This  happened  somewhere  in 
1867,  or  the  early  part  of  1868.  It  was  clear  that  a  railroad  had  to  cross 
the  Swiss  Alps,  and  the  St.  Gotliard  Pass,  on  account  of  its  central  loca- 
tion, and  notwithstanding  its  serious  engineering  problems,  was  the 
one  most  prominently  discussed.  In  view  of  the  prospective  large  traffic, 
and  also  of  the  shortcomings  of  regular  adhesion  service,  it  was  not 
thought  judicious  to  carry  the  gradients  beyond  1  in  40,  or  thereabouts. 
But  this  was  equivalent  to  an  expensive  development  of  the  line  and  to 
a  very  long  tunnel.  It  was  in  the  autumn  of  1868  that  a  proposition  was 
made  to  adopt  a  ruling  gradient  of  1  in  20,  and  use  the  rack  and  piniou. 
This  proposition  came  from  N.  Riggenbach.  master  mechanic  of  the 
Swiss  Central  Railway,  conjointly  with  O.  Zschokke,  civil  engineer. 
Though  the  adoption  of  the  rack  might  have  resulted  in  a  saving  of 
about  one-third  of  the  total  cost  of  the  road,  yet  the  entire  absence  of 
practical  experience  on  a  line  of  this  importance  decided  its  rejection, 
and  the  St.  Gothard  was  reserved  for  the  adhesion  locomotive. 

The  stone  was  rolling.  The  air  was  filled  with  enterprise,  and  if  it 
would  pay  to  run  a  railway  up  Mount  Washington  there  would  be  ten- 
fold less  risk  in  doing  the  same  thing  on  the  Rigi,  that  most  renowned  and 
most  frequented  elevation  of  the  world.  In  the  spring  of  1869  an  engineer 
left  for  America  to  prepare  a  minute  professional  report  on  Marsh's  enter- 
prise. The  necessary  capital  for  the  Rigi  Railway  was  soon  afterwards 
secured  and  operations  were  commenced.  Thus  Riggenbach  introduced 
the  wrought-iron  "ladder-rail"  in  Europe  in  his  Vitznau-Rigi  Railroad, 
which  was  opened  in  1871.  All  the  details  of  this  line  are  nothing  but 
modified  cojjies  of  the  Mount  Washington  road.  Engine  and  rack-rail — 
the  princiijal  dimensions  being  retained — were  built  stronger,  more  sub- 
stantial, and  with  more  care  throughout.  The  round  teeth,  however,  of 
the  original  ladder-rack  were  here  abandoned  in  favor  of  a  trapezoidal 
tooth  and  the  system  of  involute  gearing.  The  maximum  gradients  on 
the  Yitznau-Rigi  road  are  1  in  4,  and,  like  the  Mount  AVashiugton  Rail- 
way, it  is  essentially  a  pleasure  line,  serving  to  convey  tourists  up  and 
down  the  mountain  sides. 
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About  the  time  tliat  Avork  was  commenced  on  the  Rigi  Railway,  Rig- 
genbaeh  started  also  to  build  a  short  line  connecting  the  sandstone  quar- 
ries of  Ostermundingen  (Berne)  with  an  already  existing  adhesion  line. 
The  same  wrought-iron  ladder-rack  was  employed  as  on  the  Rigi  enter- 
prise, but  in  other  respects  there  were -essential  differences.  On  the 
Rigi  the  rack-rail  is  laid  throughout  the  entire  length  of  the  line;  here, 
however,  we  find  the  line  made  uj)  of  rack-rail  and  of  pure  adhesion  sec- 
tions, the  rack-rail  being  only  used  where  the  gradients  required  large 
traction.  The  maximum  gradient  is  1  in  10.  The  locomotives  were  of 
such  a  construction  that  either  the  jjinion  or  the  adhesion  drivers  could 
be  thrown  in  or  out  of  connection  with  the  steam  cylinders,  and  the  train 
could  thus  be  either  propelled  by  adhesion  alone,  or  by  the  pinion  and 
rack  alone,  according  to  the  gradients  of  the  road.  This  line  has  re- 
mained in  successful  operation  to  the  present  day,  and,  excepting  the 
short-lived  attemj)t  on  the  Madison  and  Indianapolis  Railroad,  we  have 
here  the  first  instance  of  a  practical  combination  of  the  rack-rail  with 
pure  adhesion  portions. 

The  immense  financial  success  of  the  Rigi  Railway,  together  with 
the  fact  that  thousands  upon  thousands  from  all  parts  of  the  civilized 
world  assisted  every  year  to  spread  the  fame  of  that  remarkable  specta- 
cle of  the  puffing  locomotive  on  the  mountain  side,  soon  led  to  the  con- 
struction of  other  rack-railroads.  The  Mount  Washington  road  had  given 
the  first  impulse,  the  Rigi  did  the  advertising,  and  the  line  to  the  quarries 
of  Ostermundingen  pointed  the  way  to  every-day  applications.  The 
total  aggregate  of  the  lengths  of  rack-railways  laid  in  Europe  alone  up 
to  the  present  time  is  about  28  miles,  but  it  must  be  remembered  that 
the  Mount  Washington  line,  which  only  has  a  length  of  2.8  miles,  if  built 
with  a  uniform  gradient  of  1  in  40  would  be  over  27  miles  in  length, 
and  would  have  to  be  run  at  29  miles  an  hour  to  be  the  equivalent  in 
time  of  the  Mount  W^ashington  Railway  at  3  miles  an  hour.  The  follow- 
ing is  an  enumeration  of  the  lines  thus  far  built,  all  of  them  being  still 
in  regular  operation. 
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RAHiWAYS  WITH  EACK-RAiii  Laid  Over  the  Entire  Line. 


Mt.  Washington,  New  Hamp- 
shire   

Vitznaii-Eigi,  Switzerland.  . . . 

Kahlenberg-Vienna,  Austria.. 

Sch  wabenberg-Pesth,  Hun  gary 

Arth-Rigi,  Switzerhmd 

Rio  de  Janeiro,  Brazil 

Drachenfels  to  the  Rhine, 
Germany 


CoN- 

STKUCTED. 


1866-69 
1870 
1«72 
1872 

1874 
1882 


1883 


Max.  Gradient. 


1  in2 
lin4 
1  in  10 
1  in  10 
1  in  4.8 
1  in  6.7 


67 


37.5  percent. 

25 

10 

10 

20.8 

15 


1  in  4.5       22.2 


Radius 

OF 

Curves. 


Feet. 
554 
590 
590 
590 
590 


RAJTiWAYS   WITH   RaCK-RaIL   AND   ADHESION   SECTIONS   COMBINED. 


Con- 

M.\x. 

Gradient. 

Radius 

OF 

structed. 

Curves. 

Ostermundingen,  Switzerland 

1870 

linlO 

10  per  cent. 

Feet. 

Rorschach-Heiden,         " 

1874 

linll 

9.1     " 

790 

Wasseralfiugen,  Germany ... 

1876 

1  in  12.5 

8 

395 

Riiti,  Switzei-land 

1877 

lin  10 

10 

345 

Laufen      (Quarries),       Berne, 

Switzerland 

1878 

1  in  16.7 

6 

345 

Oberlahnstein,  Germany 

1880 

1  in  10 

10 

The  railways  with  rack-rail  and  adhesion  sections  combined,  as  a  rule 
are  worked  in  the  manner  described  with  the  Ostermundingen  line,  that 
is,  the  engine  exerts  traction  either  by  adhesion  or  by  the  pinion  alone; 
yet  in  several  instances  attempts  have  been  made  to  utilize  adhesion 
simultaneously  in  combination  with  the  pinion  by  simply  coupling  the 
adhesion  drivers  with  the  pinion,  and  notwithstanding  the  grave  prac- 
tical objections  which  stand  in  the  way  of  such  an  arrangement,  loco- 
motives of  thi.s  type  can  still  be  found. 

These  lines  gradually  and  unmistakably  demonstrated  not  only  the 
feasibility,  but  the  great  practical  bearing  of  the  rack-rail  for  working 
.steep  gradients.  They  showed  that  inclines  could  be  safely  operated, 
which  with  any  failure  in  the  mechanism  would  of  necessity  lead  to  ter- 
rible catastrophes;  but  so  reliable  were  the  i)rovisious  against  such  an 
event,  that  the  first  accident  has  yet  to  be  recorded.  They  also  showed 
that  sharp  curves  could  be  rounded  with  ease,  and,  irrespective  of  the 
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state  of  the  weather,  or  of  the  conditions  of  the  track,  the  maximum 
train  weight  coukl  always  be  hauled  over  the  line. 

In  the  meantime  work  had  been  progressing  on  the  long  tunnel 
through  the  St.  Gothard.  The  cost  was  greater  than  had  been  antici- 
pated; and  in  1876,  when  work  was  to  be  commenced  on  the  aj^proaches 
to  either  side  of  the  tunnel,  the  company  found  itself  in  very  straight- 
ened circumstances.  Once  more  the  application  of  the  rack-rail  and  the 
adoption  of  steeper  gradients  was  discussed,  and  this  time  with  great 
seriousness.  It  was  expected  to  finish  the  road  with  the  means  at  hand. 
A  plan  was  worked  out.  The  project  was  warmly  supported  by  several 
prominent  continental  engineers;  but,  though  the  feasibility  of  the 
system  was  acceded  to  in  principle  on  all  sides,  no  definite  conclusion 
could  be  arrived  at,  and  the  subject  was  ultimately  tabled  on  account 
of  the  resistance  of  the  Italian  delegates,  and  a  somewhat  general  re- 
luctance to  adopt  the  system  in  its  then  undeveloped  state. 

Defects  of  the  Laddek  Eaok-Eail. 

FolloAving  thus  the  historic  developments  of  the  means  for  working 
steep  gradients,  we  have  been  able  to  see  how,  little  by  little,  the  rack- 
rail  has  established  for  itself  a  certain  modern  recognition — a  recogni- 
tion, too,  which  is  founded  upon  stubborn  facts  furnished  by  experience. 
There  can  no  longer  be  any  doubt  concerning  the  practicability  of  the 
rack  as  a  mechanical  device  in  all  these  applications;  and  wherever 
once  introduced  in  its  modern  form  it  has  kept  its  own  ground,  thus 
furnishing  a  proof  of  the  economy  of  its  use.  Yet  withal  it  must  be  re- 
called that  the  existing  rack-railroads  are  of  moderate  extension,  of 
moderate  traffic,  and  are  operated  at  moderate  velocities  only.  When 
it  really  comes  to  the  higher  demands  of  a  regular  railroad  ser- 
vice, we  find  that  the  ladder-rack  of  Sylvester  Marsh  has  serious  in- 
herent defects  which  incapacitate  it  for  such  purposes,  and  for  which 
defects  the  very  form  of  the  rack  excludes  all  remedies.  The  prime 
requisite  for  a  smooth  and  (^uiet  motion  in  all  gearing  is  uniformity  of 
pitch;  and  the  greater  the  velocities  the  more  important  is  this  unifor- 
mity. It  is  the  recognition  of  this  fact  which  has  led  to  the  elaborate 
gear-cutting  and  gear-milling  tools  of  our  days.  But  the  very  mode  of 
manufacturing  the  ladder-rack,  the  punching  of  its  sides,  the  riveting  of 
teeth  and  sides,  etc.,  introduces  elements  of  error  which,  though  small 
by  direct  measurement  become,  apparent  at  higher  speeds.     Then,  also, 
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the  ladder-rack  is  built  in  sections  of  about  10  feet,  so  as  to  reduce  the 
influence  of  expansion  by  temperature.  Still  that  influence  is  there,  and 
it  exists  at  every  joint  in  form  of  an  unequal  pitch.  The  velocity  on  the 
existing  rack-railroads,  and  on  the  steeper  gradients,  is  generally  from 
3j  to  4j  miles  per  hour.  At  5  miles  per  houi%  the  operation  of  the  pinion 
in  the  rack  much  resembles  a  sort  of  trip-hammer  action ;  and  every  in- 
crease of  speed  tells  in  the  rapid  wear  of  the  pinion,  though  made  of  the 
best  of  steel.  With  an  inability  to  run  at  high  speeds,  the  locomotive, 
though  running  slow  on  steep  gradients,  and  working  with  its  full  boiler 
capacity,  cannot  run  correspondingly  faster  on  the  rack-rail  sections  of 
easier  gi-adients  where  the  traction  is  less.  The  engine,  therefore,  is 
unable  in  such  cases  to  exert  its  full  power,  and  this  involves  loss  of 
time  and  an  increased  cost  of  transportation. 

In  order  that  the  motion  of  the  pinion  in  the  rack — even  under  the 
supposition  of  an  absolutely  uniform  pitch — be  free  of  blows  or  impacts, 
it  is  necessary  that  before  one  pair  of  teeth  has  gone  out  of  contact, 
another  pair  must  have  come  to  fairly  bear  against  each  other.  This 
important  condition  determines  the  size,  /.  e.,  diameter,  of  the  pinion  for 
a  given  pitch.  The  size  of  the  pitch  again  depends  upon  the  kind  of 
materials  employed,  the  amount  of  traction,  and  the  width  of  the  teeth. 
In  the  present  ladder-rack  the  pitch  is  already  as  small  as  it  possibly 
could  be  chosen,  and  still  the  necessary  diameter  of  the  pinion  becomes 
so  large,  that,  together  with  the  low  speed,  the  power  from  the  steam 
cylinders  has  to  be  transmitted  to  the  pinion  by  multiple  gearing.  But 
multiple  gearing  complicates  the  locomotive  considerably ;  it  introduces 
additional  frictional  losses;  its  renewal  from  time  to  time  is  expensive; 
and  the  additional  rotating  masses  between  the  pinion  and  the  elastic 
cushioning  steam  are  not  conducive  to  a  soft  action. 

In  the  present  ladder-rack  the  strains  are  also  very  high — especially 
so  on  the  curves;  in  fact  they  are  greater  than  what  generally  would  be 
considered  a  safe  working  strain.  A  radical  increase  of  traction,  as  the 
heavy  traffic  of  a  first-class  regular  line  might  demand,  is  altogether 
beyond  the  capacity  of  the  ladder  type.  Considering  the  inequalities 
of  pitch  due  to  manufacture,  and  still  more  the  discontinuity  of  the  rack, 
its  10-feet  sections,  and  the  chance  of  slight  derangements,  it  becomes 
evident  that  an  increase  of  traction  by  means  of  the  direct  coupling  of 
two  driving  pinions  is  a  thing  utterly  impossible.  Any  strengthening 
of  the  ladder-rack  V)y  an  increase  in  the  size  of  the  pitch  would  only 
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be  creating  most  serious  difficulties  of  another  kind,  recollecting  what 
has  been  said  about  multiple  gearing. 

The  ladder-rack  has  done  well  enough  in  its  present  sphere  and 
under  its  present  conditions,  though  even  here  suffering  from  its  con- 
stitutional troubles;  but  when  the  imperious  demands  of  an  ever-progres- 
sing age  are  to  be  satisfied,  then  the  ladder  principle  sadly  fails.  Its 
defects  are  inherent;  they  are  of  the  blood  and  flesh  of  its  form;  and  to 
free  the  sound  and  healthy  rack  principle  from  those  drawbacks,  and  ex- 
pand its  usefulness,  required  the  discovery  of  an  entirely  new  type.  This, 
we  venture  to  say,  has  been  admirably  accomplished  by  Mr.  Koman  Abt. 
Mr.  Abt  has  been  for  many  years  chief  constructing  engineer  in  Riggen- 
bach's  various  rack  enterprises.  Many  of  the  applications  of  the  rack- 
rail  in  Europe  were  made  under  his  immediate  care,  and,  if  any  one  has 
been  able  to  thoroughly  study  and  master  the  subject,  he  has.  His  new 
rack  system  embodies  the  experience  of  years  in  this  class  of  engineering, 
and  it  is  the  writer's  opinion  that  the  rack,  which  thus  far  had  been  re- 
garded more  as  a  sort  of  makeshift,  to  be  applied  in  extraordinary  cases 
which  required  extraordinary  means,  has  been  advanced  by  him  into  a 
most  important  element  in  the  planning  of  new  roads,  or  in  the  economical 
operation  of  old  ones. 

Abt's  Eack-Eaxl.     (See  Plate  V.) 

In  the  construction  of  his  new  rack-rail,  Mr.  Abt  has  entirely  aban- 
doned the  hopeless  ladder-type,  with  its  two  sides  and  its  rounds  or 
teeth  in  between.  His  rack-rail  consists  essentially  and  is  built  up  of 
a  number  of  individual  elementary  racks  placed  side  by  side.  Each 
one  of  these  elementary  parts  is  nothing  but  a  rack  in  the  very  simplest 
form,  which  is  that  of  a  bar  of  given  length  provided  with  teeth.  Such 
an  elementary  rack  will  be  able  to  stand  a  certain  safe  working  strain, 
which  is  positively  determined  by  the  material,  the  dimensions  of  the 
bar  and  the  pitch  of  the  teeth.  Whatever  may  be  the  traction  to  be 
developed  by  the  pinion,  by  placing  side  by  side  a  sufficient  number  of 
elementary  bars,  each  one  strained  only  to  its  chosen  limit  of  working 
strain,  we  are  able  to  meet  any  amount  of  traction  as  far  as  the  strength 
of  the  rack-rail  is  concerned.  These  bars  are  connected  among  them- 
selves by  iron  or  steel  chairs  and  bolts.  The  chairs,  which  are  placed 
at  regular  intervals,  also  keep  the  bars  laterally  distanced  from  each 
other,  and  through  these  chairs  the  whole  is  firmly  bolted  or  otherwise 
secured  to  the  wooden  or  iron  ties  of  the  road-bed. 
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The  material  of  the  bars  may  be  either  rolled-iron,  Bessemer  steel, 
cast-steel,  or  eventually  also  a  good  quality  of  steel  castings,  and  the 
choice  will  be  governed  by  convenience,  or  by  the  requirements  of  the 
road.  With  rolled  bars  the  teeth  may  be  produced  in  manifold  ways, 
be  it  by  punching,  drilling,  milling,  sawing,  pressure  in  dies,  etc. ;  but 
no  matter  how  produced,  the  last  finishing  touch  ought  to  be  always 
given  by  milling,  which  secures  a  perfect  uniformity  of  pitch,  the  one 
important  point  to  be  aimed  at.  It  guarantees  a  perfect  contact  be- 
tween rack  and  pinion,  and  with  the  facilities  of  the  modern  machine- 
shop  its  expense  is  no  barrier  to  its  application. 

Mr.  Abt  lays  the  various  bars,  of  which  his  rack-rail  is  composed, 
Avith  broken  joints.  In  this  manner  his  rack-rail  becomes  practically 
one  continuous  structure,  always  one  or  more  whole  bars  passing  the 
joint  of  every  two  bars.  Through  this  continuity  of  the  rack-rail,  and 
through  the  fastenings  to  the  ties,  a  most  desirable  and  important  union 
is  established  between  these  two  elements  of  the  road,  and  still  old  ties 
may  be  exchanged  for  new  ones  without  causing  the  slightest  dijSficulty 
in  the  maintenance  of  the  line.  The  breaking  of  the  joints  has  the 
further  advantage  of  equalizing  throughout  the  influence  of  expansion 
by  temperature.  Comparing  this  with  the  ladder-tyj^e,  with  its  discon- 
tinuous 10-feet  sections,  the  advantages  of  Abt's  rail  with  its  continiious 
solidity  and  strength  are  very  striking. 

But  the  comiDonent  bars  of  Abt's  rack-rail  are  not  only  laid  with 
broken  joints,  they  are  also,  if  the  expression  be  permitted,  laid  with 
broken  pitches — that  is,  the  teeth  of  the  side-by-side  bars  are  arranged 
in  the  form  of  steps,  as  shown  below,  which  is  a  beautiful  feature  of 
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Abt's  rail.  It  enables  the  simultaneous  contact  of  several  teeth  of  the 
pinion  with  different  bars  of  the  rack-rail,  thus  giving  a- contact  and 
a  smoothness  of  motion  that  could  never  be  obtained  with  the  ladder- 
tyi^e.  This  interlocking  of  several  teeth  offers  at  the  same  time  an 
increased  security  against  the  fracture  of  a  tooth,  and  even  if,  from 
some  external  cause,  such  an  event  should  occur,  it  coiild  not  be 
followed  by  any  serious  consequences.  In  discussing  the  defects  of  the 
ladder-rack,    we  have   seen   that  for  the   very  reason  of  getting  just 
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sufficient  contact,  the  pinion  had  to  be  made  of  a  cei'tain  size,  and 
with  that  size  multiple  gearing  became  unavoidable ;  through  the 
stepping  of  the  teeth,  however,  Abt's  jjinion  can  be  made  so  much 
smaller  in  diameter,  without  interfering  with  a  still  superior  contact, 
that  multiple  gearing  is  entirely  unnecessary,  and  is  dispensed  with. 
The  ensuing  simplicity  and  efficiency  of  the  locomotive  is  not  the  least 
of  the  many  excellent  points  of  Abt's  system. 

The  pinion  is  constructed  of  as  many  separate  disks  as  there  are 
separate  bars  in  the  rack-rail,  each  disk  corresponding  to  a  line  of  bars, 
and  the  disks  are  shifted  against  each  other  according  to  the  stepping 
of  the  teeth  in  the  bars.  Another  very  imi^ortant  feature  in  the  con- 
struction of  the  pinion,  is  that  its  various  disks  are  in  an  elastic  connec- 
tion with  the  shaft  by  means  of  inserted  springs.  (Plate  V.)  By  this 
arrangement  the  different  disks  obtain  a  small,  limited,  relative  motion 
to  each  other .  We  had  occasion  to  point  out  the  sources  of  error  which 
would  lead  to  imperfections  in  the  manufacture  of  the  ladder-rack  ;  the 
manufacture  of  Abt's  rail,  on  the  contrary,  admits  at  every  step  of  the 
application  of  tools  which  secure  accurate  work .  Yet  whatever  remains 
of  slight  inaccuracies,  be  it  in  manufacture,  be  it  due  to  the  mode  of 
fastening  on  the  ordinary  ties,  or  be  it  due  to  expansion  by  tem- 
perature, they  are  most  cleverly  counteracted  by  an  elastic  connection 
of  the  pinion  disks  with  the  shaft;  and  an  absolutely  perfect,  automatic 
contact  of  the  teeth  is  established,  with  the  pinion  traction  uniformly 
distributed  over  the  various  bars  of  the  rack-rail .  Practical  experience 
has  fully  borne  out  the  high  expectations  that  were  entertained  in  the 
conception  of  this  system.  Even  at  16  miles  per  hour  a  motion  is 
obtained  on  rack-rail  sections  which  is  perfectly  smooth  and  free  from 
any  blows  or  irregularities.  Not  the  slightest  noise  is  to  be  observed, 
the  pinion  working  as  silently  in  the  rack  as  the  regular  adhesion 
drivers  on  the  ordinary  rails . 

A  characteristic  property  of  Abt's  rack-rail  consists  in  its  economic 
accommodation  to  the  gradients  of  a  road.  The  numbers  or  the  thick- 
ness of  the  individual  bars  of  which  the  rack-rail  is  composed,  are  chosen 
according  to  the  traction  to  be  sustained;  number  or  thickness  of  the 
bars,  therefore,  increase  and  decrease  with  the  gradient.  Such  an  ac- 
commodation is  impossible  with  the  ladder-type  for  obvious  reasons. 

Then,  again,  curves  of  any  radius  can  be  laid  with  ease,  because  the 
same  bars  are  used  as  on  the  straight  portions  of  the  line.      The  ladder- 
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rack,  on  the  contrary,  has  to  be  made  on  purpose,  with  great  care,  and 
for  each  radius  separately. 

On  the  Mount  Washington,  Rigi  and  several  others  of  the  earlier  rail- 
roads, the  rack-rail  rests  on  wooden  stringers,  which  in  turn  are  fastened 
to  the  ties.  With  the  introduction  of  the  mixed,  or  combined  adhesion 
and  rack-rail,  systems  it  became  necessary  to  give  to  the  rack-rail  a  suffi- 
ciently elevated  position  relative  to  the  ordinary  rails,  so  that  the  j^inion 
coiild  clear  the  latter  safely  at  switches  and  crossings.  Iron  chairs  were 
now  introduced  for  support.  The  free  position  of  the  rack-rail  obtained 
m  this  manner  is  an  excellent  safeguard  against  accumulations  of 
snow  and  mud.  With  Mr.  Abt's  system  this  advantage  exists  in  a  higher 
measure,  on  account  of  the  narrow  bars  of  the  rack-rail  and  the  com- 
paratively wide  clearances  between  them.  These  clearances  form  a  kind 
of  furrow,  which  admit  of  a  mechanical  cleaning,  or,  we  might  say, 
plowing,  by  a  device  on  the  locomotive  itself.  As  mountain  regions 
will  particularly  be  the  haunts  of  rack  and  pinion,  and  mountain  re- 
gions generally  have  heavier  snow-falls,  it  will  be  of  interest  to  cite  the 
experience  of  the  existing  lines.  Ostermuudingen  and  Rorschach- 
Heiden,  in  Switzerland,  and  Wasseralfingen-Friedrichsberg,  in  Ger- 
many, are  all  three  operated  summer  and  winter,  and  at  all  these  places 
severe  winters  are  prevalent.  The  lines  were  constructed  resiiectively  in 
1870,  1874  and  1876;  they  were  opened  to  traffic  in  the  years  immedi- 
ately succeeding,  and  have  been  regularly  operated  ever  since.  Yet  in 
all  this  time  trains  have  run  on  these  lines  in  the  heaviest  snow-storms, 
and  not  a  single  train  has  ever  been  stopped  on  account  of  snow  or 
snow-drifts.  The  rack-rail  locomotive  is  provided  with  a  sort  of  snow- 
plow,  and  the  positive  action  of  the  pinion  always  pulls  it  through.  The 
Fourth  Annual  Report  of  the  Rorschach-Heiden  road  says:  "  The  ex- 
tremely heavy  snow-falls  of  last  year  not  only  did  not  influence  the  reg- 
ular operations  of  the  line,  Init  we  had  no  expense  whatever  for  remov- 
ing the  snow.  Experience  shows  that  a  heavy  snow  is  far  less  obstruct- 
ing to  a  rack  railroad  than  to  an  adhesion  line;  no  matter  how  large  the 
acciimmulated  masses  are,  with  a  rack  railroad  they  are  of  no  account." 
Practice  has  demonstrated  that  the  rack  locomotive  can  pass  snow-drifts 
which  the  adhesion  locomotive  could  not  overcome.  The  rack-rail  on 
the  above  lines  belongs  of  course  to  the  ladder-type,  but  no  difficulties 
with  snow  having  appeared  there  after  so  many  years  of  constant  ser- 
vice, none  will  exist  with  the  superior  Abt  rack-rail. 


162  EVANS   ON   THE    ABT   SYSTEM    OF   RAILWAY. 

Crossings  aud  switches  are  made  and  operated  with  rack-railroads  sim- 
ilar to  those  on  pure  adhesion  lines,  and  in  every  respect  they  are  as 
simjile  and  as  safe.  The  first  switches  were  constructed  in  the  form 
of  sliding-tables  and  turn-tables,  as,  for  instance,  on  the  Mount  Wash- 
ington, and  immediately  afterwards  on  the  Eigi  Railway,  but  they  soon 
were  built  in  close  adherence  to  the  customary  adhesion  devices.  (See 
Plate  V.) 

The  peculiar  method  by  which,  on  a  line  of  the  combined  sj'stem,  the 
change  is  made  from  the  adhesion  portions  to  the  rack-rail  without  stop- 
ping the  train,  will  be  described  after  having  disctissed  Abt's  locomo- 
tives. 

Abt's  Locomotives. 

The  rack-rail  enables  us  to  adopt  steeper  gradients  in  the  develop- 
ment of  our  railroads;  we  can  follow  more  closely  the  natural  slojiesand 
shorten  our  line.  But  by  combining  with  the  steelier  gradients  the 
easier  ones  of  the  pure  adhesion  system,  we  exj^and  the  usefulness  of 
the  rack-rail  enormously,  provided  we  are  also  capable  of  building  loco- 
motives which,  under  all  the  varying  conditions  of  grade,  can  invariably 
exert  their  full  power.  This  means  that  traction  and  corresponding 
speed  must  vary  in  inverse  proportion:  large  traction  with  low  speed, 
small  traction  with  high  speed.  If  we  simply  take  a  line  with  a  maximum 
gradient  of  6  jaer  cent.,  and  with  other  gradients  ranging  all  the  way 
down  to  level,  the  condition  of  a  full  exhaustion  of  the  engine's  power  in 
every  part  of  the  line  demands  a  most  extraordinary  capacity  of  accom- 
modation. On  adhesion  portions  an  adhesion  engine  will  do  the  work, 
and  will  do  it  well  if  properly  dimensioned,  but  once  those  gradients  are 
transgressed  which  practical  experience  has  designated  as  a  limit  to  an 
economical  adhesion  service,  the  locomotive  necessarily  must  fail,  not 
only  on  account  of  lack  of  traction,  but  also,  and  which  is  equally  im- 
portant, on  account  of  lack  of  purchase  for  the  steam.  Weight,  that  re- 
course of  regular  locomotive  practice,  together  with  increased  cylinder 
volume,  does  not  oflfer  any  satisfactory  solution,  for  while  it  slightly  im- 
proves the  climbing  qualities,  it  introduces  drawbacks  in  its  stead  by 
which  the  benefit  derived  has  to  be  dearly  paid  for  all  over  the  line. 
With  the  rack  and  pinion,  on  the  other  hand,  weight  is  practically  imma- 
terial for  their  working.  We  could  therefore  take  any  type  of  adhesion 
locomotive  which,  with  comparatively  moderate  weight,  has  been  ap- 
proved of  for  practical  adhesion  gradients,  and  by  adding  the  pinion 
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meclianism  as  an  independent  and  separate  part  throughout — with  an 
independent  set  of  steam  cylinders — we  could  add  exactly  those  quali- 
ties which  are  indispensable  in  the  mounting  of  the  steejier  gradients. 
This  is  precisely  what  Mr.  Alit  has  done  in  designing  his  locomo- 
tives. Adhesion  drivers  work  separately  and  independently  from  the 
pinion  device;  they  work  alone  on  the  pure  adhesion  portions  of  the 
line,  and  they  quietly  keep  on  working  Avhen  rack-rail  sections  are  en- 
countered. Rack  and  pinion  then  supj^ly  the  additional  traction,  and 
the  extra  steam  cylinders  secure  the  necessary  purchase  for  the  steam. 
The  speed  adjusts  itself  according  to  the  total  traction  and  the  steaming 
qualities  of  the  boiler,  and  the  engine  develops  its  full  powers  under  the 
most  varying  and  trying  of  circumstances. 

To  the  exhausts  of  the  ordinary  adhesion  cylinders  are  added,  when 
ascending  rack-rail  jiortions  of  the  line,  the  more  numerous  exhausts 
of  the  pini(>n  cylinders.  This  produces  an  energetic  and  uniform  blast, 
and  secures  a  free  and  abundant  steaming  at  the  very  time  it  is  most 
needed. 

Another  important  reason  for  utilizing  the  natural  adhesion  of  the 
locomotive,  exists  in  the  fact  that,  even  on  gradients  of  600  and  more  feet 
to  the  mile,  and  with  trains  of  a  still  practical  size,  the  traction  due  to 
adhesion  alone  will  be  from  ^  to  ^  of  the  total  traction.  The  rack-rail 
can  thus  be  relieved  of  a  corresjjonding  amount  of  strain,  and  can  be 
made  lighter  and  cheaper.  A  certain  engine  weight  we  shall  always  have, 
for  weight  and  the  capacity  of  i^erforming  work  are,  to  a  certain  extent, 
l^arallel  terms  in  locomotive  construction,  and  this  necessary  weight  can 
be  excellently  made  use  of  in  relieving  the  strain  on  the  rack. 

The  characteristic  feature,  then,  of  Abt's  locomotives,  consists  in  the 
additional  mechanism  with  which  any  well  approved  or  favored  type  of 
adhesion  engine  is  equij^ped,  and  thus  is  transformed  into  a  locomotive 
for  a  rack-railroad.  Through  Mr.  Abt's  ingenious  rack-rail  construc- 
tion, which  admits  a  pinion  of  small  diameter,  multiple  gearing,  as  we 
stated  previously,  has  become  superfluous;  the  pinion  shaft  is  driven 
directly  from  the  separate  pair  of  cylinders,  and  the  construction  of  the 
rack-rail  locomotive  is  reduced  to  a  simple  form. 

The  vast  superiority  of  the  independent  adhesion  drivers  and  pinion 
over  their  combination  by  direct  coupling,  as  has  been  done  on  some  of 
the  modern  rack  lines,  is  evident.  A  rigid  coupling  of  the  two  mechan- 
isms presupposes  an  ever-constant  relationship  between  the  pitch-line 
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diameter  of  the  jiinion  and  the  diameter  of  the  adhesion  drivers,  a  con- 
dition of  things  which  practically  it  is  impossible  to  maintain.  Im- 
portant frictional  losses  are  unavoidable  with  such  a  design  ;  then, 
besides,  there  being  only  one  pair  of  cylinders — unless  there  should 
be  a  special  second  train  of  wheel-work — the  engine  lacks  that  capacity 
of  economical  accommodation  which  forms  such  an  important  feature  of 
Abt's  locomotive.  In  this  engine  of  his,  the  sejiaration  of  the  adhesion 
and  the  pinion  device  is  so  absolutely  perfect  that  neither  one  can  dis- 
turb the  other.  "Whether  on  account  of  the  condition  of  the  track  the 
adhesion  drivers  slide  or  not,  Avhether  they  be  running  ahead  or  behind, 
all  this  has  not  the  slightest  influence  on  the  pinion,  Avhich  steadily 
does  its  part. 

It  is  true  that  on  the  engines  of  the  Madison  and  Indianapo- 
lis Railroad  the  pinion  was  driven  by  independent  steam  cylinders, 
but  Abt's  engine  is  otherwise  entirely  different  in  construction.  Then, 
again,  Abt's  whole  railway  system  is  essentially  grounded  uijon  his 
rack-rail,  and  his  engine  is  the  logical  sequence  of  the  latter. 

Through  Abt's  rack-rail  it  has  become  possible  to  build  rack-rail 
locomotives  of  special  large  traction,  by  simply  coupling  two  or  more 
driving  pmions.  All  the  objections  which  existed  with  the  ladder- 
rack  against  the  coupling  of  pinions  as  a  means  to  increase  tractive 
power,  are  completely  overcome  in  Abt's  rack-rail  tyi3e.  With  its  con- 
tinuity, its  perfect  and  equalized  pitch,  and  the  elasticity  in  the  pinion 
disks,  coupling  has  not  only  become  practicable,  but  by  placing  one 
pinion  a  little  in  advance  of  the  other  in  reference  to  time  of  con- 
tact, coupling  only  heightens  the  uniformity  and  smoothness  of  motion. 

In  his  original  engine  design,  Mr.  Abt  selected  the  Engerth  type 
of  adhesion  locomotive.  There  were  six  coupled  adhesion  drivers. 
The  tender  carried  the  pinion  shaft  proper  with  the  one  driving  pinion 
in  the  center.  At  either  end  of  the  pinion  shaft  were  brake  disks,  to 
which  the  crank  pins  were  attached.  The  tender  frame  supported  the 
extra  steam  cylinders,  and  steam  was  conducted  to  and  fro  through  a 
specially  designed  ball  and  socket  coupling  of  locomotive  and  tender. 

In  his  Harz  locomotives  (Plate  VI ;  see  also  page  177),  the  first 
ones  actually  built  upon  his  system,  Mr.  Abt  adopted  the  adhesion  type 
of  a  six-coupled  tank  engine,  with  a  trailing  axle  behind  the  fire-box. 
They  have  two  coupled  driving  jjinions  placed  under  the  front  part  of 
the  locomotive,  and  the  additional  pair  of  cylinders  is  arranged  above 
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those  for  the  adhesion  drivers.  The  two  piniou  shafts  rest  iu  a  frame 
liuug  to  the  first  and  third  of  the  adhesion  axles.  Motion  is  transmitted 
from  the  cylinders  above  to  the  pinions  below  by  means  of  rockers,  iu 
a  very  compact  and  clever  manner.  The  size  of  the  cylinders  is  small, 
as  the  piston  velocity,  by  reason  of  the  small  i)inions  and  the  interja- 
cent connections,  is  large.  The  frame  of  the  pinion  shafts,  being  sus- 
pended directly  to  the  adhesion  axles  without  any  intervening  springs, 
establishes  the  proper  relative  position  of  pinion  and  rack.  The  con- 
stant relative  position  between  the  rack-rail  and  the  ordinary  rails  is 
preserved  through  the  regular  maintenance  of  the  line,  which  experi- 
ence has  demonstrated  is  easily  done.  Another  protection  against  any 
incorrect  contact  between  the  teeth,  on  account  of  a  variation  in  the 
depth  of  interlocking  between  pinion  and  rack,  exists  in  the  system  of 
involute  gearing  itself.  This  system  possesses  the  valuable  quality  of 
the  contact  remaining  always  correct,  though  the  depth  of  interlock- 
ing may  undergo  variations.  The  natural  wear  of  the  adhesion  tyres  is 
compensated  from  time  to  time  by  a  readjustment  of  the  bearings. 

The  link  gear  is,  of  course,  separate  for  each  of  the  two  sets  of  steam 
cylinders.  For  the  adhesion  cylinders  the  starting  levers  or  screws  are 
arranged  in  the  usual  manner,  with  a  horizontal  motion,  whilst  these 
levers  or  screws  for  the  incidentally  working  pinion  cylinders  are  given 
a  vertical  motion ;  thus  well  discriminating  between  the  two. 

The  braking  arrangements  are  very  efficient.  There  is  first  an 
ordinary  brake  for  the  adhesion  drivers;  then  there  are  brake  disks  on 
the  crank  shaft  of  the  pinion  mechanism,  by  means  of  which  the  pinions 
may  be  completely  locked;  and  thirdly,  there  is  an  auxiliary  loose 
pinion,  with  brake  disks,  on  the  trailing  axle  of  the  locomotive.  The 
last  one  serves  merely  for  the  purpose  of  stopping  the  train  in  case  of  any 
accident  to  the  driving  pinions  or  their  gear.  The  braking  on  down 
gradients  is  done  by  using  the  steam  cylinders  as  air-compressors,  there 
V)eing  special  provisions  for  this  jjurpose.  This  is  the  most  perfect 
brake  imaginable,  and  it  is  used  on  every  one  of  the  existing  rack-rail- 
roads. In  regular  service  all  down-hill  braking  is  entirely  done  by  the 
driving  pinions  of  the  locomotive,  and  whatever  braking  pinions  in  the 
train  are  being  called  upon — one  or  more  cars  being  provided  with  such. 
Wherever,  therefore,  the  rack-rail  is  laid,  the  wear  and  tear  of  braking 
is  taken  off  from  the  rails  and  tyres  without  proportionately  diminishing 
the  lives  of  rack-rail  and  pinion,  because  the  sliding  and  rolling  of  the 
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teeth  in  contact  occurs  on  smootla  and  well-greased  surfaces.  The  work 
of  braking  is  chiefly  spent  here  in  the  compression  of  air  in  the  steam 
cylinders,  while  with  the  usual  braking  device,  i.  e.,  brake  shoes  press- 
ing against  the  wheels,  it  is  busily  engaged  in  the  demolition  of  rails, 
tyres  and  shoes. 

Mr.  Abt,  when  designing  the  normal  type  of  his  engines,  Avhicli  were 
to  run  on  lines  connecting  directly  with  existing  adhesion  railways  and 
using  the  regular  rolling  stock,  had  to  limit  the  net  tractive  power 
to  the  working  capacities  of  the  draw -bars  and  the  buffers  in  use. 
The  normal  draw-bar  of  the  European  lines  possesses  a  working  pull  of 
14  300  to  15  400  poiinds,  while  the  normal  buffers  admit  a  working  com- 
pression from  16  500  to  17  600  jiounds.  Mr.  Abt,  in  order  to  get  as 
powerful  an  engine  as  possible,  chose  the  latter  figure  of  17  600 
pounds,  and  the  locomotive  when  exerting  the  maximum  net  trac- 
tion has  its  place  at  the  rear  of  the  train,  and  pushes  it  ahead. 
Besides  an  increased  safety  in  the  operation  of  lines  with  heavy 
gradients,  thei-e  are  still  other  reasons,  which  we  will  touch  further  on, 
why  the  engine  is  preferably  placed  to  the  rear. 

The  17  600  pounds  then  represent  the  net  traction  of  the  locomotive; 
whatever  traction  is  necessary  to  move  the  engine  itself  has  to  be  added 
in  order  to  obtain  the  gross  traction;  that  is,  the  combined  effort  of 
pinion  and  adhesion  drivers.  It  is  evident  that  for  lines  with  special 
rolling  stock,  or  with  cars  having  extra  strong  draw-bars,  locomotives  of 
far  greater  tractive  power  can  be  built. 

The  conditions  for  a  powerful  locomotive  of  this  class  are  more  favor- 
able in  our  country,  because  the  draw-bars  are  substantially  stronger. 
Our  draw-bars  are  capable  of  standing  a  safe  working  pull  or  push  of 
at  least  21  200  pounds,  and  we  may  adopt  this  figure  for  the  present  as 
the  net  traction  of  the  normal  American  types  of  Abt's  engines.  These 
engines  will  weigh  50  gross  tons.  The  following  traction  table  gives 
the  net  train  weights  in  gross  tons,  exclusive  of  locomotive,  which  these 
engines  will  haul  on  the  various  gradients;  it  also  gives  the  correspond- 
ing speeds  in  miles  per  hour. 
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Tkaction  Table  A. 


Gradients. 

Tbain  Weight. 

Speed. 

Per  Cent. 

Ratio  per  Unit 
of  Rise. 

Feet  per  Mile. 

Gross  Tons. 

Miles  per  Hour. 

3. 

1     in  33^ 

158.4 

290 

8.6 

3.5 

1     "    28.6 

184.8 

250 

8.4 

4. 

1     "    25. 

211.2 

222 

8.2 

5. 

1     "    20. 

264. 

180 

7.8 

6. 

1     "    16-1 

316.8 

152 

7.5 

7. 

1     "    14!3 

369.6 

130 

7.2 

8. 

1     "    12.5 

422.4 

115 

6.9 

9. 

1     "    11.1 

475.2 

102 

6.6 

10 

1     "    10. 

528. 

92 

6.4 

11. 

1     "      9.1 

580.8 

84 

6.2 

12. 

1     "      81 

633.6 

77 

6. 

13. 

1     "      7  7 

686.4 

71 

5.8 

14. 

1     "      7.1 

739.2 

66 

5.7 

15. 

1     "      6| 

792. 

62 

5.5 

On  pure  adhesion  sections  the  speed  of  these  engines  may  be  run  up 
to  30  and  35  miles  per  hour,  while  on  rack-rail  sections  of  lighter 
gradients  a  velocity  of  12  miles  per  hour  can  safely  be  maintained  in 
regular  service.  And  such  a  speed  we  may  need  even  on  rack-rail  sec- 
tions if  the  system  is  to  answer  all  the  possible  requirements  of  a  regu- 
lar traffic  in  passengers  and  merchandise. 

When  comparing  our  traction  table  with  existing  tests  of  adhesion 
engines,  it  is  to  be  remembered  that  the  table  is  based  upon  a  net  pull 
or  push  at  the  draw-bar  of  21  200  jDOunds.  Any  larger  admissible  draw- 
bar strain  will  enable  us  to  build  our  engines  with  proportionately 
greater  traction,  so  that  they  will  haul  heavier  trains.  Another  point 
worthy  of  being  considered  is,  that  our  table  does  not  present  holi- 
day dresses  nor  parade  performances  with  exceptional  conditions  of 
track  and  sand-box  assistance,  but  the  figures  can  be  relied  upon  as  the 
regular  every-day  train-weights,  irrespective  of  the  weather  or  track. 
When  making  this  statement  we  have  not  lost  sight  of  the  functions  of 
the  adhesion  drivers,  and  we  may  add  in  explanation  that  their  appor- 
tioned traction  is  based  upon  a  low  coefficient  of  adhesion.  When  the 
engine  performs  its  maximum  duty,  then  the  steam  is  working  at  half- 
stroke  admission. 

The  enormous  adhesion  engines  which  have  been  built  of  late,  make 
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very  severe  demands  on  the  capacities  of  the  draw  bars  and  the  strength 
of  the  cars,  in  some  instances  the  draw-bar  strain  rising  to  27  500 
pounds.  We  thought  it  might  be  instructive  to  add  a  second  Traction 
Table,  B,  based  upon  a  net  traction  of  27  500  j^ounds,  the  engines  weigh- 
ing again  50  gross  tons. 

Traction  Table  B. 


Gradients. 

Feet  per  Mile. 

Teain  Weight. 

Speed. 

Per  cent. 

Ratio  per  Unit  of 
Rise. 

Gross   Tons. 

Miles  per 
Hour. 

3. 

1  in  334 

158.4 

410 

6.4 

3.5 

1    "  28.6 

184.8 

355 

6.3 

4. 

1     "  25. 

211.2 

314 

6.2 

5. 

1     "  20. 

264. 

254 

6. 

6. 

1     "  16| 

316.8 

213 

5.8 

7. 

1    "  14  3 

369.6 

184 

5.7 

8. 

1    "  12.5 

422.4 

162 

5.5 

9. 

1     "  11.1 

475.2 

144 

5.4 

10. 

1    "  10. 

528. 

130 

5.2 

11. 

1     "     9.1 

580.8 

119 

5. 

12. 

1     "     8.1 

633.6 

109 

4.9 

13. 

1    "     7.7 

686.4 

101 

4.8 

14 

1    •'     7.1 

739.2 

94 

4.7 

15. 

1    "     6| 

792. 

87 

4.6 

To  build  the  engines  for  such  a  traction  is  easy  enough,  if  only  draw- 
bars and  cars  will  stand  the  pull  or  push  of  27  500  j^ounds. 

It  is  self-evident  that  engines  of  smaller  weight  and  power  can  be 
constructed  to  suit  any  requirements  of  traffic.  For  roads  of  light 
traffic  and  smaller  trains,  a  special  engine  has  been  designed  by  Mr. 
Abt,  with  only  one  pair  of  steam  cylinders  for  both  adhesion  drivers 
and  pinion.  In  this  case,  of  course,  only  one  device  can  work  at  the 
same  time.  This  locomotive  resembles,  in  its  action,  the  engines  on 
some  of  the  existing  rack-railroads  of  the  combined  system,  but  the 
whole  construction  is  by  far  simpler  and  better. 

A  very  important  question  relates  to  engine  repairs.  Experience  has 
taught  that,  even  with  the  comi^licated  engines  with  multiple  gearing, 
the  repairs  are  perfectly  normal,  and  can  be  compared  favorably  to 
those  of  regular  adhesion  locomotives  when  doing  the  same  amount  of 
work. 
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Automatic  Entering  Rail.  (See  Plate  VII.) 
Ou  aline  of  the  combiued  system  it  is  of  tlie  greatest  moment  that  the 
rack-rail  be  properly  entered  by  the  pinion  without  slackening  the  siseed 
of  the  train,  esijecially  if  the  line  happens  to  consist  of  a  great  many  al- 
ternating sections.  Mr.  Abt  accomplishes  this  by  laying  down  a  special 
entering  rack-rail.  This  entering  rail,  of  about  10  feet  in  length,  is 
hinged  upon  the  end  which  joins  the  continuation  of  the  rack,  and 
its  other  free  end  rests  upon  strong  spiral  sin-ings.  The  teeth 
toward  the  free  end  gradually  diminish  in  height,  giving  that  end  a 
wedge-shaped  apj^earance  when  looking  at  it  from  the  side.  "When 
the  locomotive  passes  over  the  entering  rail,  steam  is  not  yet  admitted 
to  the  extra  pair  of  cylinders,  so  that  the  pinion  upon  touching  the 
yielding  entering  rail,  and  on  account  of  the  friction  produced  thereby, 
can  turn  about  its  axis,  and  within  a  few  feet  of  distance  traveled  over, 
a  true  interlocking  of  the  teeth  is  reached.  Should  the  friction  be- 
tween the  pinion  and  the  entering  rail  be  too  small  to  produce  a  rota- 
tion of  the  pinion,  then  the  latter  will  slide  along  the  entering  rail,  and 
after  a  few  inches  of  sliding  the  proper  contact  is  secured.  The  very 
simplicity  of  this  api^aratus  is  the  best  guarantee  of  the  absolute  cer- 
tainty of  its  automatic  oj^eration.  It  never  has  failed,  and  it  works 
without  any  blows  or  noise. 

When  reflecting  upon  the  working  of  the  locomotive  all  along  the 
line,  apprehensions  might  be  felt  at  first  glance  on  account  of  the  appar- 
ent complexity  of  the  parts,  and  there  being  but  one  driver  to  take  care 
of  and  manipulate  the  whole.  But  it  must  be  considered  first,  that  the 
locomotive  is  almost  invariably  j^laced  in  the  rear  of  the  train,  and, 
secondly,  that  the  various  manipulations  come  about  at  different  times 
and  never  simultaneously.  With  regard  to  the  first  point,  one  of  the 
most  trying  and  exhausting  of  the  duties  of  the  driver  on  a  regular  ad- 
hesion locomotive  consists  in  the  watching  of  the  line  Avith  all  its  flying 
jjictures,  crossings,  curves,  signals,  etc.,  and  jjarticularly  so  when  the 
train  is  a  fast  express.  His  attention  is  divided  between  engine  and  line, 
and  the  greater  part  is  absorbed  by  the  latter.  With  the  engine  at  the 
rear  of  the  train,  the  line  is  watched  by  the  brakeman  on  the  front  car.  and 
the  driver,  thus  greatly  relieved,  has  mainly  to  care  for  his  engine.  On 
the  adhesion  portions  of  the  line  he  has  nothing  but  the  adhesion  parts 
to  look  after.  When  approaching  a  rack-rail  section  the  speed  of  the 
train  is  moderate,  the  entering  rail  being  passed  at  a  speed  of  5  to  G  miles 


170  EVANS    ON   THK    ABT   SYSTEM    OF    RAILWAY. 

per  hour,  and  be  has  ample  time  to  watch  the  correct  entering  of  the  pinion 
before  he  gives  steam  to  the  extra  set  of  cylinders.  His  adhesion  engine 
needs  no  attention  whatever  at  that  moment,  but  is  working  steadily 
along.  On  down-hill  gradients  again  all  he  has  to  care  for  are  his  brakes. 
There  is  only  one  thing  to  do  at  a  time  and  plenty  of  time  to  do  it  well. 
Having  described  the  essential  features  of  Abt's  rack-rail  and  engines, 
it  remains  yet  to  sax  something  of  the  practical  applications  of  his  sys- 
tem. 

Applications  of  the  System. 

The  location  of  railroads  in  mountainous  districts  has  ever  been  one 
of  the  most  difficult  tasks  of  the  engineer.  Comprehensive  knowledge, 
ingenuity  and  skill  have  planned  many  a  wonderful  line  over  mountain 
ranges  and  ridges,  but  the  victories  invariably  had  to  be  dearly  paid  for, 
and  more  than  one  of  them  has  been  a  tlefeat  for  the  unfortunate  share- 
holder. Hemmed  in  by  narrow  precipitous  valleys,  winding  their  sinuous 
course  around  projecting  mountain  sides,  sometimes  abruptly  changing 
their  average  gradients  in  steep  ascents,  the  question  of  cost  of  construc- 
tion is  intimately  associated  with  the  limit  of  gradient  which  the  pros- 
pective traffic  may  warrant  for  an  economical  management.  Here  each 
sjjecial  case  will  present  peculiarities  of  its  own,  but  for  imjjortant 
trunk  lines  or  main  arteries,  like  those  that  cross  the  Alpine  chains  of 
Europe,  experience,  running  clear  down  to  the  present  days,  proclaims  a 
gradient  of  1  in  40,  or  2^  per  cent.,  as  the  one  yet  comi^atible  with  an 
economic  and  safe  management  of  a  pure  adhesion  road.  The  Semmer- 
ing  and  the  Brenner  are  both  built  with  this  ruling  gradient.  At  the 
Mont  Cenis,  to  be  sure,  we  find  a  3  per  cent,  gradient  for  a  considerable 
portion  of  the  line,  yet  on  the  St.  Gothard  Railway,  soon  afterward,  it  was 
not  thought  judicious  to  go  beyond  2-/o-  per  cent,  or  1  in  38j,  and  most 
of  the  line  follows  1  in  40.  Higher  gradients  not  only  make  severe  de- 
mands on  the  tractive  power  of  the  locomotive,  but,  especially  in  mount- 
ain regions,  where  local  dampness  and  freixuent  moist  deposits  materi- 
ally reduce  adhesion,  they  threaten  also  a  safe  and  regular  operation  of 
the  line,  and  this  is  one  of  the  gravest  objections  against  the  application 
of  steeper  gradients  for  adhesion  service.  The  lower  the  limit  of  gradi- 
ent, the  more  serious  will  be  the  conquering  of  a  rapidly  ascending 
valley,  or  a  sudden  rise  to  some  table  land  above.  Instead  of  being  able 
to  follow  the  cheaper  course  along  the  water  lines  or  valley  bottoms,  we 
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often  have  to  go  way  back  from  the  sudden  ascent,  and  begin  at  a  point 
from  •which,  by  rising  along  the  mountain  sides  with  exi)eusive  cuts, 
retaining  walls  and  costly  tunneling  through  ijrojecting  spurs,  we  finally 
reach  our  aim  with  1  in  40,  or  whatever  be  our  limit.  Sometimes  a 
convenient  side  valley  will  give  a  chance  for  lengthening  out  the  line 
along  its  sides,  or  by  switching  to  and  fro  in  zig-zag  line  along  the 
slopes,  we  may  obtain  the  length  the  gradient  requires.  In  other  in- 
stances we  avoid  the  delays  of  the  switch-back  system  by  crossing  and 
recrossing  a  valley  from  side  to  side,  and  in  continuous  long-stretched 
loops  steadily  make  the  ascent.  Then  again  we  boldly  ciit  into  the 
mountain  itself,  and  develop  the  line  in  spiral  tunnels,  the  paths  often 
crossing  themselves  in  their  plans.  A  most  remarkable  example  of  this 
latter  kind  is  found,  for  instance,  near  Giornico,  on  the  Italian  slope  of 
the  St.  Gothard  line.  There  the  road  winds  itself  in  two  spiral  courses 
up,  through,  and  in  the  precipitous  mountain  side,  and  though  the  point 
of  ingress  and  the  point  where  the  line  last  leaves  the  tunnels  are  several 
hundred  feet  above  each  other,  yet  their  horizontal  distance  does  not 
much  exceed  40  feet.  Still,  notwithstanding  all  such  exertions,  we  often 
in  crossing  a  range  cannot  obtain  a  sufficient  altitude,  and  have  to  resort 
to  a  tunnel  of  unusual  length  and  cost. 

The  lower  the  gradient  to  which  the  engineer  is  limited,  the  longer 
will  be  the  line,  the  greater  the  call  for  artificial  structures,  the  deeper 
the  cuts,  the  higher  and  costlier  the  embankments,  the  more  numerous 
the  bridges,  and  the  longer  and  more  frequent  the  tunnels.  Any  system 
which  admits  an  expansion  of  the  limit  of  gradients  will  greatly  reduce 
the  cost  of  construction  of  new  roads,  but  a  system  like  that  of  Mr. 
Abt,  which  combines  at  once  an  extensive  range  of  gradients  with  perfect 
safety  and  economy  of  operation,  will  j^rove  a  perfect  boon,  one  of  the 
most  valuable  gifts  to  our  modern  means  of  transportation.  Through 
Abt's  railway  system  we  can  adhere  more  closely  to  the  bottom  of  the 
valleys;  in  fact  we  can  take  the  ground  much  in  the  shape  it  is  in.  All 
our  construction  expenses  in  excavation  of  earth  and  rock  and  in 
masonry  jDer  mile  of  road  will  be  smaller,  the  road  itself  will  be  materi- 
ally shorter,  and  it  will  take  much  less  time  to  build  it  and  have  it  in 
operation.  So  great  are  the  savings  from  all  these  sources,  that,  even 
including  the  extra  expense  for  rack-rail  and  engines,  the  cost  per  mile 
of  the  shorter  Abt  railway  will  never  reach  the  cost  per  mile  of  the 
longer  adhesion  line.     Abt's  system  oi)ens  new  and  vast  fields  to  railway 
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enterprise;  and  roads  which  never  could  have  been  thought  of  on  ac- 
count of  enormous  expense,  can  now  be  built  and  operated  at  so  much 
lower  cost  that  they  will  prove  safe  and  paying  investments  to  capital. 

The  selection  of  gradients  is  a  matter  of  study  in  each  special  case. 
]  t  is  as  much  a  function  of  the  natural  inclines  of  the  ground  as  it  is  one 
of  the  general  importance  of  the  line,  its  traffic,  and  also  its  total  length. 
On  a  regular  adhesion  road  with  a  gradient  of  1  in  40,  an  engine  of  48 
gross  tons  in  weight  will  haul  on  an  average  a  train  of  180  gross  tons, 
and  the  velocity  will  be  from  10  to  14  miles  per  hour.  Our  traction 
table  shows  that  an  Abt  locomotive  can  manage  the  same  train  of  180 
gross  tons  on  a  gradient  of  5  per  cent.,  or  1  in  20,  so  that  we  can  say  at 
once,  a  line  with  5  per  cent,  gradients  and  the  rack-rail  handles  traffic  as 
readily  as  one  of  2^  per  cent,  gradients  without  the  rack-rail.  No  extra 
engines  are  required,  the  same  locomotives  pull  the  same  train  over  the 
entire  road. 

A  principal  line,  therefore,  with  5  per  cent,  gradients,  built  and 
operated  by  Abt's  system,  is  in  every  respect  equivalent  to  a  regular 
adhesion  line  of  2^  per  cent,  gradients,  as  far  as  the  handling  of  the 
traffic  is  concerned.  But  in  order  to  rise  from  one  level  into  another  a 
line  of  1  in  20  will  only  be  half  as  long  as  one  of  1  in  40. 

According  to  the  lengths  of  the  lighter  and  heavier  gradients  on  a 
given  line,  it  can  be  demonstrated  that  even  for  j)rincipal  railways  a 
maximum  gradient  from  6  to  7  per  cent.,  317  and  370  feet  to  the  mile 
may  be  adopted,  and,  as  a  rule,  the  same  traffic  be  economically  man- 
aged which  is  now  handled  by  adhesion  lines  of  2^  per  cent.,  or  132  feet 
to  the  mile.  The  number  of  cars,  their  construction,  and  the  number  of 
locomotives  would  be  the  same  in  either  case.  The  train  weight  on  a 
7  per  cent,  gradient  to  be  sure  would  only  be  130  gross  tons,  but  the 
proportionately  higher  speed  on  the  lesser  gradients,  the  resulting  saving 
in  time,  and  the  ability  of  increasing  the  daily  trains  in  number,  fully 
compensate  for  the  smaller  trains . 

The  velocities  on  the  rack-rail  portions,  though  they  appear  small  at 
first  sight,  are,  in  reality,  similar  to  the  velocities  on  pure  adhesion  lines. 
On  a  7  per  cent,  gradient,  for  instance,  our  normal  rack-rail  locomotive 
will  haul  a  130-ton  train  with  a  speed  of  about  7.2  miles  per  hour,  but 
this  is  equivalent  to  a  speed  of  over  20  miles  per  hour  on  a  gradient  of 
2 J  percent. 

A  very  important  point  in  favor  of  this  new  system  when  compared 
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with  the  mountain  lines  of  usual  gradients,  is  the  materially  in- 
creased safety  in  the  working  of  the  line.  The  hold  of  the  pinion 
is  absohite  and  jjositive,  the  adhesion  is  only  utilized  to  what  the 
average  conditions  of  the  track  will  warrant,  and  the  facilities  for  braking 
are  abundant  and  superior.  Then  again,  the  facility  with  which  the 
trains  can  pass  from  adhesion  sections  to  rack-rail  sections,  admits  of 
arranging  stations,  depot-yards  and  switches  on  horizontal  ground,  and 
upon  the  pure  adhesion  system.  Where  desirable,  rack-rail  switches 
may  be  used  on  gradients,  and  can  be  operated  with  perfect  safety. 

The  general  operating  expenses  are  lower  with  Abt's  railway  system 
than  with  the  equivalent  adhesion  system.  The  rack-rail  sections  are 
considerably  shorter  than  would  be  the  adhesion  sections  which  they 
replace,  and  there  is  cori'espondingly  less  maintenance  and  sui^ervision 
of  the  line.  There  is,  then,  the  additional  rack-rail.  The  life  of  the 
rat-k-rail  can  be  assumed  from  present  experience  to  be  40  years  with  a 
very  severe  traffic  passing  over  it.  Calculating  its  renewal  upon  such  a 
basis,  and  adding  the  cost  of  maintenance  and  ordinary  care,  which 
latter  exj^enses  are  also  drawn  from  the  long  experience  with  the  unfav- 
orable older  form  of  the  ladder-rack,  we  still  get  a  considerable  balance 
in  favor  of  the  rack-rail  portions.  The  consumption  of  fuel,  the 
ex2)ense  of  firing  up,  and  the  losses  through  stojjpages  at  the  stations 
are  the  same  with  either  system.  But  the  consumption  on  the  open  line 
is  in  favor  of  Abt.  The  work  of  lifting  train  and  engine  from  one  level 
to  another  one,  is,  of  coiirse,  identical  in  either  case;  with  Abt,  how- 
ever, the  higher  level  is  reached  by  a  much  shorter  route,  and  the  fric- 
tioual  losses,  which  are  in  direct  pi'oportion  to  the  length  of  the  line,  are 
therefore  smaller,  and  require  less  fuel  to  be  overcome.  It  may  be 
claimed  that  the  application  of  a  pinion  and  rack  introduces  frictional 
losses  which  are  wholly  unknown  to  the  adhesion  system.  This  claim 
holds  good  as  far  as  the  friction  of  the  teeth  is  concerned,  but  when  con- 
sidering and  calculating  the  frictional  losses  of  the  adhesion  drivers  in 
curves — and  curves  preponderate  in  mountain  districts  and  hilly  sections 
— and  when  further  considering  the  losses  which  are  due  to  the  imequal 
wear  of  the  tyres,  which  happen  all  along  the  line,  it  will  be  found 
that  the  pinion  is  still  a  more  efficient  worker  than  the  ordinary  adhesion 
driver. 

With  princii)al  or  main  lines  we  have  thus  far  spoken  only  of  the  ap- 
plication of  7  per  cent,   gradients;  yet  circiimstances   may  even  here 
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cany  us  far  higher.  If  the  chief  ascent,  for  instance,  occurs  at  a  rela- 
tively short  section  of  the  line  only,  we  may  follow  similar  examples  in 
the  working  of  adhesion  lines,  and  employ  an  auxiliary  engine.  \Yith 
one  engine  pulling,  and  the  other  one  i^ushing  the  train,  we  can  carry  the 
same  load  of  180  gross  tons  which  is  hauled  on  a  2i  per  cent,  gradient, 
up  an  incline  of  1  in  10,  or  52S  feet  to  the  mile.  This  is  certainly  do- 
ing remarkably  well. 

In  fact  two  engines  are  capable  of  hauling  a  train  of  124  gross  tons, 
or  six  loaded  cars  of  about  46  000  pounds  each,  on  a  gradient  of  15  per 
cent.,  or  792  feet  to  the  mile  =  1  in  65. 

Existing  railways  with  gradients  of  150  feet  per  mile  and  up- 
wards, will  be  highly  benefited  by  laving  a  rack-rail  on  such  gradients. 
This  is  an  extremely  simple  matter  which  requires  but  very  little  time. 
The  existing  engines  can  either  be  rebuilt,  or  they  can  be  replaced  by 
new  ones.  The  adoption  of  the  rack-rail  on  such  old  lines  resolves  itself 
into  an  increased  regularity  and  safety  in  the  operation  of  the  roads, 
an  essentially  increased  capacity  for  hauling  freight,  and  sensibly  re- 
duced working  expenses.  It  may  be  stated  in  a  general  way  that  one 
locomotive  of  Abt  can  be  made  to  do  the  service  of  two  or  three  adhesion 
engines.  In  view  of  the  heavy  gradients  on  many  lines  of  the  American 
continent,  it  is  well  to  call  attention  to  these  things. 

With  a  smaller  traffic  we  make  use  of  smaller  engines,  and  with  these 
latter  we  can  introduce  a  relatively  larger  traction,  i.  e. ,  be  able  to  haul 
relatively  heavier  trains.  Our  traction  table  relates  to  what  we  termed 
normal  tyi^es,  weighing  in  complete  Avorking  order  50  gross  tons. 
In  reference  to  small-sized  locomotives,  we  may  mention  that  an  Abt 
engine  is  now  in  course  of  construction  which  is  to  work  on  a  net- 
work of  narrow-gauge  tracks  in  slate  quarries  in  Bavaria,  Germany,  and 
which  in  complete  working  order  will  only  weigh  4|  gross  tons.  We 
shall  speak  of  that  line  further  on. 

Local  roads,  and  especially  private  lines  to  factories,  quarries,  mines, 
etc.,  are  almost  prohibited  in  hilly  or  mountainous  districts  by  reason  of 
their  first  great  cost.  Economy  can  only  be  maintained  in  a  substantial 
manner  by  following  closely  the  undulations  of  the  ground,  and  this  is 
precisely  what  Abt's  system,  with  its  enormous  range  of  gradients,  per- 
mits us  to  do. 

A  very  advantageous  and  extensive  application  of  the  rack-rail  will 
be   found    in   connecting    factories,    mills,    etc.,  with    a    neighboring 
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railway  station,  when  either  above  or  below  its  level.  Railroad  cars  cau 
then  be  run  to  and  fro  in  the  easiest  and  cheapest  manner  on  a  short 
rack-railway— a  simple  truck  takes  the  place  of  a  locomotive,  and  it  is 
operated  by  either  hand  or  steam  power. 

The  Hakz  Railway.*  (Plate  VIII.) 
The  "  Harz  "  is  the  collective  term  for  a  massive  group  of  elevations 
belonging  to  that  last  chain  of  mountains  beyond  which  extend  the 
comparatively  low  lands  and  plains  of  northern  Germany.  Its  medium 
elevation  is  about  2  000  feet,  and  politically  it  is  situated  in  the  Com- 
monwealths of  Brunswick  and  Prussia.  Valleys,  in  the  usual  sense  of 
the  term,  there  are  none  to  speak  of;  they  partake  more  of  the  nature 
of  romantic  ravines  or  gorges  with  very  jireciijitous  slojies.  The  dis- 
trict contains  many  valuable  mines  and  quarries,  and  it  abounds  in  rich 
woodlands  and  abundant  water  power  for  industrial  purposes.  Of  late 
yeard  its  isolation,  by  reason  of  poor  means  of  transportation,  made  itself 
more  and  more  felt,  and  its  industries  were  seriously  threatened  by  not 
being  able  to  keep  their  own  in  the  general  competition  of  trade.  Sev- 
eral railroad  projects  were  worked  out,  one  strongly  sujDported  for  strate- 
gical reasons,  a  potent  commendation  in  modern  Germany;  but  they  all 
had  to  be  abandoned  on  account  of  the  excessive  cost  of  construction.  The 
extent  of  the  Harz  district  is  not  large,  its  greatest  dimension  being 
about  20  miles.  A  through  railway,  therefore,  with  its  mountainous 
character  and  greater  cost  of  oi^eration,  can  never  compete  in  through 
traffic  with  the  cheaper,  though  longer,  encircling  lines,  and  it  can  only 
count  upon  the  home  traffic  of  the  Harz  itself.  This  latter  is  not  large 
enough,  nor  will  it  ever  be,  to  warrant  the  expense  of  an  ordinary  ad- 
hesion railway  of  1  in  40,  or  even  1  in  35.  Most  careful  statistical 
researches  of  the  annual  traffic  were  made,  but  things  looked  hoj^e- 
less  enough  until  Abt's  system  offered  a  satisfactory  financial  solu- 
tion. The  difficulties  in  locating  an  adhesion  line  were  greatly  aggra- 
vated by  the  fact  that  the  line  had  to  touch  the  greatest  possible  number 
of  the  scattered  industrial  settlements,  irrespective  of  the  most  favor- 
able route  from  an  engineering  jaoint  of  view.  All  these  difficulties 
disappeared  with  the  freedom  Abt's  system  admits  as  to  gradients. 

•In  the  description  of  this  first  actual  application  of  the  Abt  system,  we  follow  mainly  a 
very  able  paper  (see  Glaser's  Annalen  fQr  Gewerbe  und  Bauwesen,  1883)  by  A.  Schneider,  C. 
E.,  Herzoglich  Braunschweigischer  Babndirector,  who  has  made  all  the  preliminary  studies, 
and  under  whose  immediate  care  the  road  is  being  built. 
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The  line  which  is  just  now  in  the  course  of  construction,  and  one- 
hilf  of  which  will  be  opened  to  traffic  this  autumn,  follows  for  about  Ij 
miles  an  existing  adhesion  line  from  Blankenburg  to  the  blast  furnaces. 
Thence  the  new  road  rises  rapidly  for  about  4^  miles  to  the  mines  of 
Huttenrode.  The  difiference  in  level  is  about  810  feet,  and,  with  the 
excejDtion  of  a  few  short  horizontal  sections,  the  gradients  are  1  in  22,  1 
in  20,  and  1  in  16.5.  From  Hiittenrode  the  line  descends  with  gradients 
of  1  in  40  and  1  in  100,  with  two  sections  of  1  in  20,  a  total  descent  of 
315  feet  iu  a  distance  of  2  miles;  and  ascending  again,  with  gradients 
not  exceeding  1  in  40,  it  passes  the  village  of  Riibeland,  with  its 
furnaces  and  smelting  works;  then  Elbingerode,  with  its  lime  quar- 
ries, and,  after  a  total  rise  of  415  feet  in  a  distance  of  4^ 
miles,  the  highest  point  is  reached.  In  the  farther  descent  to  the 
blast  furnaces  of  Rotliehiitte  and  the  works  near  Tanne  (the  terminus) 
there  are  two  sections  with  gradients  of  1  in  18;  otherwise  the  gradi- 
ents are  1  in  40,  1  in  60,  and  1  in  120,  and  less.  The  total  length  of  the 
railway  is  not  quite  17  miles,  and  3.55  miles  of  this  length  are  pro- 
vided with  the  rack-rail.  The  maximum  gradient  for  the  adhesion  sec- 
tions is  1  in  40,  and  all  steeper  gradients  are  provided  with  the  rack-rail. 
The  maximum  gradient  of  the  latter  is  1  in  16.5,  or  320  feet  to  the  mile. 
The  line  contains  but  very  few  straight  sections,  and  forms  in  reality 
a  succession  of  curves.  This,  in  conjunction  with  the  range  of  gradients, 
demonstrates  forcibly  the  adaptability  of  this  railway  system  to  the  exi- 
gencies of  the  ground.  Along  the  open  line  the  curves  have  a  minimum 
radius  of  655  feet,  and  in  the  village  of  Riibeland  there  is  one  of  590 
feet.  The  rack-rail  is  laid  with  three  elementary  bars.  Gauge  of  track, 
4  feet  8|  inches.  The  total  estimated  cost  of  this  line  of  17  miles  is 
^875  000,  or  about  $51  500  per  mile. 

Extensive  field  studies  and  estimates  were  made  in  order  to  establish 
the  difference  in  cost  of  construction  between  a  line  with  pure  adhesion 
gradients  and  one  combined  with  the  rack-rail.  These  estimates  were 
made  for  the  first  6.7  miles,  3.22  miles  of  which  are  laid  in  8  different 
divisions  with  the  rack-rail.  These  investigations  include  the  minutest 
details,  were  carried  through  with  the  utmost  care,  and  give  the  follow- 
ing results,  showing  the  great  economical  value  of  the  Abt  system: 

Abt  System.  Adhesion  System. 

Length 6.7  miles.  9.32  miles. 

Real  estate  required 1  2S0  000     sq.   ft.       1  780  000         sq.  ft. 
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Abt  System.  Adhesion  System. 

Excavation  (earth  and  rock),       330  000  cub.  yds.       1  120  000  cub.  yds. 
Masoni-y  (retaining  walls,  etc.)         5  610         "  33  900 

The  amounts  are  especially  striking  in  the  items  of  excavation  and 
masonry,  the  former  being  about  3^  times  and  the  latter  about  6  times 
larger  for  the  jnire  adhesion  line  than  for  the  Abt  system.  Real  estate 
runs  in  i)roportion  to  the  length  of  the  line. 

Estimating  at  the  rates  there  existing,  and  considering  only  those 
construction  accounts  which  differ  with  the  two  systems,  we  find: 

Abt  System.     Adhesion. 

I.— Acquisition  of  real  estate $11  875  $16  500 

Earthwork,  rock,  etc ,      113  825  308  668 

Ketaining  walls 16  125  97  125 

III.  -Crossings 20  424  38  845 

YI.— Bridges  and  culverts 2  704  5  414 

X. — Superstructure,  rails,  ties,  etc 97  504  97  500 

XI. — Signals  and  telegraphs 405  562 

$262  862  $564  611 
All  other  construction  expenses,  as  for  instance,  for  depot  buildings, 
etc.,  are  alike  for  both  systems.  The  total  saving,  therefore,  resulting 
from  the  application  of  the  Abt  system  amounts  to  $301  749,  or  as  the 
adhesion  line  would  have  had  a  length  of  9-^%%-  miles,  we  can  say  that  in 
this  case  a  saving  of  about  •?32  500  per  mile  of  road  has  been  obtained! 
According  to  the  stipulations  of  the  contract,  the  locomotive  must 
haul  trains  of  120  gross  tons,  exclusive  of  engine  weight,  over  the  entire 
road,  and  maintain  a  speed  of  7^  miles  on  the  1  in  1G.5  grades.  The  gross 
traction  of  the  locomotive  on  this  grade  is  26  000  pounds,  of  which  one- 
balf  is  due  to  the  adhesion  drivers,  and  the  other  half  is  furnished  by 
the  pinion.  A  general  characteristic  description  of  the  locomotives  of 
this  railway  has  already  been  given  on  page  162.  The  following  are  the 
principal  dimensions: 

Cylinder  dimensions  for  adhesion 18  x  23 J  in. 

"    pinions 12  X  23  J  in- 

Diameter  of  drivers 49    in. 

Pitch  line  diameter  of  pinions 22^  in. 

Pressure  in  boiler  above  atmosphere 150    pounds. 

Heating  surface 1  610     square  feet. 

Grate  surface 19.4        " 
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Total  weight  in  working  order 54  gross  tons . 

Weight  on  adhesion  drivers 42  " 

Weight  per  driving  axle 14  " 

In  designing  these  locomotives  Mr.  Abt  had  to  adhere  to  the  Prussian 
standards;  if  he  could  have  followed  the  general  locomotive  practice 
the  engines  would  have  weighed  from  49  to  50  gross  tons. 

The  weight  per  driving  axle  may,  perhaps,  appear  a  little  high,  yet 
weights  of  15  to  16  tons  are  of  common  occurrence  on  English  lines,  and 
that  too  with  fast  passenger  engines.  Considering  the  comparatively 
small  velocities  on  such  mountain  lines,  a  weight  of  14  tons,  which  is 
little  influenced  by  the  balancing  parts  is  entirely  justified. 

Passenger  and  freight  cars  are  equipped  with  a  continuous  train- 
brake;  they  are  also  provided  with  ijinions  for  braking  purposes. 

On  the  15th  and  16th  of  last  May,  an  experimental  train  of  the  regu- 
lation 120  gross  tons,  exclusive  of  engine  weight,  was  run  over  the 
portion  of  the  line  which  had  been  sufficiently  finished  for  this  pur- 
pose. This  part  contains  a  gradient  of  1  in  16.5,  and  the  change 
into  this  gradient  takes  place  from  a  short  horizontal  section;  on 
the  gradient  the  line  follows  a  curve.  The  locomotive  maintained 
with  ease  the  prescribed  velocity  on  this  gradient;  then  the  train  was 
stopped,  backed,  started  again,  in  short  it  was  manceuvred  on  this 
incline  of  1  in  16.5  with  the  same  facility  as  on  a  line  of  easy  gradients. 
The  train  was  also  run  with  speeds  up  to  16  miles  per  hour  on  the  rack- 
rail,  and  the  working  of  the  pinion  in  the  rack  was  as  noiseless  as  the 
working  of  the  adhesion  drivers  on  the  ordinary  rails.  There  were  no 
blows,  tremors  or  vibrations  in  any  part,  everything  worked  smoothly 
and  evenly.  The  entering  rack-rail  operated  to  perfection,  and  the 
whole  was  a  complete  success. 

Since  then  j)rominent  engineers  and  engineering  societies  from  vari- 
ous parts  of  the  Continent  have  visited  this  novel  railway,  and  they 
all  unite  in  pronouncing  it  to  be  one  of  the  most  important  and  far- 
reaching  additions  to  our  modern  railway  service. 

HoiiLENTHAL   RAILWAY. 

A  second  raihvay  to  which  Abt's  system  will  be  applied  is  being  built 
by  the  government  of  Baden,  South  Germany.  It  commences  at  Freiburg 
and  will  extend  for  the  present  to  Neustadt.  Its  length  is  21 J  miles,  4 
miles  of  which  will  be  laid  with  the  rack-rail;  maximum  gradient  290  feet 
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per  mile.  Gauge  of  line  4  feet  8^  inclies.  This  road,  generally  known 
in  Germany  as  tlie  "  Hollentbal  Railway, "so  called  from  the  "  Hullen- 
thal,"  a  picturesque  and  romantic  gorge  of  the  Black  Forest  through 
which  it  runs,  has  been  in  contemijlation  for  a  great  number  of  years. 
The  difficulties  of  its  location,  with  the  adoption  of  Abt's  system,  have 
ceased  to  exist. 

Both  these  lines,  the  Harz  Railway  and  the  Hollenthal  Railway,  will 
be  members  of  the  German  Railroad  Union,  and  as  such,  will  be  open  to 
all  continental  rolling  stock. 

Railways  ix  Bavabia. 

In  Lehesten,  Bavaria,  extensive  slate  quarries  are  being  connected 
with  the  Bavarian  Government  Railways  by  a  line  upon  Abt's  system. 
The  gauge  is  4  feet  8i  inches,  as  the  rolling  stock  of  the  govern- 
ment railroads  is  to  be  admitted.  The  line  has  a  length  of  2}  miles,  of 
which  }  mile  is  to  be  laid  with  the  rack-rail  on  gradients  of  422-;V  feet 
to  the  mile.  The  rack-rail  is  composed  of  only  two  elementary  bars. 
The  engine  will  have  four  adhesion  drivers,  two  driving  pinions  and 
two  truck  wheels.  The  weight  in  complete  Avorking  order  will  be  20  to 
21  gross  tons.  The  normal  train  weight  consists  of  50  gross  tons,  equiva- 
lent to  three  loaded  cars.  The  line  will  be  finished  and  in  working 
order  by  November  of  this  year. 

At  the  same  time  a  number  of  narrow-gauge  tracks  are  being  laid  in 
the  slate  quarries  themselves.  Gauge,  27i  inches.  Maximum  gradients 
for  rack-rail,  721  feet  to  the  mile.  It  is  on  this  network  of  tracks  that  the 
little  locomotive  of  but  4J  gross  tons  will  have  to  work. 

Since  writing  the  foregoing,  a  translation  has  been  sent  to  the  writer 
from  a  German  paper,  in  which  Mr.  Schneider,  Herzoglich  Braun- 
schweigischer  Bahndirector  (under  Avhose  official  inspection  the  Harz 
Railway  is  being  constructed),  says: 

•'  All  throughout  the   Harz  the  name   of  '  Abt '  is  mentioned  only 

with  a  deep  feeling  of  veneration  and  gratitude,  and  for  time  to  come 

many  inhabitants  of  other  mountain  districts  will  do  likewise." 

Notes. 

First. — Richard  Trevithick,  the  engineer  referred  to  in  the  first  part 
of  this  paper,  having  made  for  himself  a  fine  reputation  in  the  matter 
of  steam-pumps,  dropped  railways,  and  on  being  invited  to  Peru,  went 
there.  He  succeeded  in  pumping  the  water  from  some  rich  mines  that 
had  been  for  a  long  time  fiooded.  The  delight  of  the  owners  and  the 
enthusiasm  of  the  Viceroy  were  so  great,  that  a  statue  of  solid  silver  was 
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ordered  to  be  erected  to  him  in  the  Plaza  of  Lima.  Not  having  seen 
anything  of  the  kind  there,  the  writer  asked  what  had  become  of  the 
statue,  and  was  amazed  to  find  that  not  one  of  the  "  Hidalgos"  of  that 
once  famous  city  had  ever  heard  of  the  statue  or  of  Trevithick  either. 
It  must  be  recollected  in  connection  with  this,  that  Trevithick  was  in 
Peru  in  the  second  decade  of  this  century,  not  such  a  long  time  ago. 

Second. — The  Panama  Railway  has  been  referred  to  as  the  line  on 
which  George  Eseol  Sellers'  center-rail  and  horizontal  driving-wheels 
were  to  be  first  used. 

John  L.  Stephens,  the  projector  and  promoter  of  that  line,  counted 
on  having  to  pass  over  a  mountain  range  and  encounter  very  severe 
gradients.  No  line  had  yet  been  run  nor  had  accurate  levels  been  taken. 
At  the  close  of  1848  the  writer  loaned  him  one  of  his  assistants,  James 
Baldwin,  to  run  a  line  and  take  levels.  It  was  Baldwin  who  discovered 
the  present  location,  and  the  summit  of  the  Panama  Railway  is  known 
as  Baldwin's  summit  to  this  day.  On  this  very  route  Count  Ferdinand 
De  Lesseps  is  now  vainly  attempting  to  build  a  sea-level  canal. 

Sellers'  engines  were  built  for  and  were  the  first  used  on  that  rail  way, 
but  they  ran  only  as  ordinary  adhesion  engines.  It  may  be  interesting 
to  know  that  Sellers  prosecuted  the  railway  company  for  not  building- 
heavy  gradients  and  using  his  system,  and  he  actually  got  a  judgment 
in  Ijis  favor  for  $14,000.  This  information  was  given  to  the  writer  by 
that  Nestor  of  American  engineering,  Horatio  Allen,  Hon.  M.  Am.  Soc. 
C.  E.,  who  was  consulting  engineer  to  the  Panama  Railway  Company. 
It  may  also  be  very  interesting  to  the  Members  of  the  Society  to  know 
that  there  is  still  alive  and  in  the  possession  of  great  physical  and 
mental  ability — now  when  the  world  is  covered  with  railways  and  has 
taken  on  itself  a  new  phase  of  its  existence — a  man  who  has  walked  with 
George  Stephenson  over  the  Liverpool  and  Manchester  Railway  dur- 
ing its  constriictiou.  This  man  is  Horatio  Allen.  It  was  he  who  gave 
steam  and  life  to  the  first  locomotive  ever  moved  on  the  American  conti- 
nent; and  the  writer,  your  humble  servant,  had  the  honor  to  give  steam 
and  life  to  the  first  locomotive  ever  moved  south  of  the  equator. 

77^//v/.— In  April,  1873,  Dr.  W.  Poole,  F.  R.  S.,  read  a  paper  on  the 
Rigi  Railway  of  Switzerland  before  the  Institution  of  Civil  Engineers  of 
England.  In  that  paper  he  gives  the  entire  credit  of  that  railway  and 
its  peculiar  track  and  rolling  stock  to  Mr.  Riggenbach  as  the  inventor. 
He  was  not  to  blame,  as  he  had  (the  writer  has  also)  seen  the  words 
"  Systeme  Riggenbach  "  on  the  locomotives  of  that  line  and  elsewhere. 
Knowing  that  a  most  elaborate  and  detailed  report,  with  numerous 
graphic  pen  sketches  of  every  part  of  the  Mount  Washington  Railway 
had  been  made  by  a  Swiss  engineer  (referred  to  in  the  preceding  paper), 
and  had  been  sent  to  Mr.  Riggenbach,  the  writer  saw  clearly  that  Mr. 
Riggenbach  was  stealing  the  thunder  that  properly  belonged  to  Mr. 
S.  Marsh.  The  Swiss  engineer,  Herr  Otto  Griiniuger,  kindly  consented 
to  give  the  writer  a  translation  from  his  German  press  cojay  of  that  re- 
port. Another  copy  the  writer  had  made  and  bound  as  a  book,  to  send 
to  the  Institution  of  Civil  Engineers  in  London,  where  it  is  on  record  as 
evidence  of  what  Mr.  Marsh  first  did  with  a  rack-rail  in  our  time. 
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EARLY  SURVEYS  AND  REPORTS  IN  REFERENCE 
TO  THE  TRANSMISSION  OF  TRADE  ACROSS 
THE  ALLEGHENY  MOUNTAINS  IN  THE 
STATE  OF  PENNSYLVANIA,  KNOV^N  AS 
THE  ALLEGHENY  PORTAGE. 


Bv  MoNCURE  EoBiNSON.  Hon.  M.  Am.  Soc.  C.  E. 


Note. — Much  interest  exists  as  to  the  earlier  engineering  thought 
and  work  of  this  country,  and  the  records  of  this  thought  and  work  are 
not  easy  of. access.  Mr.  Moncure  Robinson,  Hon.  M.  Am.  Soc.  C.  E., 
who  made  the  original  examinations  as  to  the  best  means  for  providing 
accommodation  for  the  transmission  of  trade  over  the  Allegheny  Mount- 
ains, between  the  terminal  points  of  the  Pennsylvania  State  Canals  on 
the  eastern  and  western  side  of  the  mountain,  has  very  kindly  furnished 
the  Society  with  copies  of  his  reports.  At  the  request  of  many  Mem- 
bers of  the  Society,  and  by  permission  of  Mr.  Eobinson,  they  are 
reprinted  in  the  Transactions.  From  one  of  the  documents  trans- 
mitted herewith,  the   Report  of  the  Canal  Commissioners  made  Decern- 
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ber  18th,  1829,  the  following  is  quoted:  "The  Portage  Railroad  across 
the  Allegheny  Mountains  was  included  by  the  Board  in  the  Superin- 
tendency  of  the  Western  Division,  and  Moncure  Robinson,  who  had 
been  aj^pointed  the  engineer  in  December  last,  was  continued  by  the 
present  Board  for  the  purpose  of  conijjleting  his  examinations  and  esti- 
mates ui^on  this  important  public  work.  His  report  is  herewith  sub- 
mitted." *  *  *  *  "The  best  means  of  eifecting  this  connection 
between  the  Eastern  and  Western  waters  is  a  subject  of  great  magnitude, 
for,  indejiendently  of  other  considerations,  upon  it  depends  the  success- 
ful competition  of  the  Pennsylvania  Canal  Avith  other  avenues  for  the 
trade  of  the  Western  States  to  the  Atlantic.  The  Board  in  employing 
Mr.  Robinson  upon  this  w^ork  secured  the  services  of  an  engineer  of  the 
first  order.  They  required  from  him  every  kind  of  information  neces- 
saiy  to  a  judicious  selection  of  the  best  means  of  effecting  the  connec- 
tion. His  report  justifies  the  high  opinion  which  was  entertained  of 
his  talents  and  j^rofessional  skill,  and  gives  clear  and  comiirehensive 
views  of  the  subject." 

The  responsibility  was  devolved  upon  the  engineer  of  recommending 
the  plan  of  improvement  "which  might  occur  to  him  as  calculated  to 
afford  the  best  accommodation  td  trade,"  and  he  was  "required  to 
furnish  every  kind  of  information  necessary  to  a  judicious  selection  of 
the  best  means  of  effecting  the  connection." 

The  result  of  the  examinations  was  the  recommendation  by  Mr.  Rob- 
inson of  a  line  of  railroad  "passing  the  summit  by  a  tiinnel  of  one  mile 
in  length,  and  overcoming  the  elevation  by  five  lifts  and  five  levels  on 
each  side."  In  arriving  at  this  conclusion,  under  the  instructions  of  the 
Canal  Commissioners,  topics  (especially  those  growing  out  of  the  idea 
of  using  the  railroad  as  a  public  highway)  are  considered  which  will 
appear  ciirious  at  the  present  day,  but  which  may  be  interesting  to  civil 
engineers  of  1886  who  may  desire  to  know  something  of  the  difii- 
culties  which  their  predecessors  in  the  profession  experienced  in  propa- 
gating scientific  or  even  rational  views  fifty-seven  years  ago.  In  this 
aspect,  and  perhaps  in  others,  portions  of  the  reports  referred  to  may  be 
worth  a  reprint  in  the  Transactions  of  the  Society. 

The  Legislature  of  Pennsylvania,  in  acting  on  the  subject,  adopted 
the  plan  of  a  railroad  of  lifts  and  levels,  and  the  points  of  connection 
with  the  canals  east  and  west  of  the  Allegheny  Mountain  (Hollidays- 
burgh  and  Johnstown)  recommended  in  the  report,  but  rejected  the 
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Ijlan  proposed  by  the  writer  for  lowering  the  summit  level  of  the  road 
by  a  tiinuel  of  a  mile  in  length  (the  expense  and  difficulties  of  which 
■were  greatly  magnified  in  the  minds  of  its  members),  thereby  increasing 
to  a  corresponding  extent  the  elevation  to  be  overcome,  both  on  the 
eastern  and  western  slopes  of  the  mountain,  and  augmenting  the  diffi- 
culty of  locating  and  arranging  the  phmes.  The  original  report  is  as 
follows: 

H.  E.  138.— No.  1. 

ALLEGHENY  PORTAGE. 

Report  of  Mokcure  Robinson,   Principal    Engineer  upon  the 

AliLEGHENY    PORTAGE. 

To  the  Board  of  Gnu'd  Coitiinism'onerft  of  the  State  of  Pennsi/lvania. 

Gentlemen: — By  the  resolutions  of  the  Board  of  the  8th  of  December 
last,  appointing  me  the  engineer  of  the  Allegheny  Portage,  my  attention 
was  directed  to  three  points— "1st,  the  construction  of  a  railway  over- 
coming the  summit  by  means  of  stationary  engines,  or  self-acting  planes, 
with  intermediate  levels,  or  moderately  ascending  planes.  2d,  The 
construction  of  a  macadamized  turnpike  of  the  best  kind  between  the 
same  points.  3d,  The  suggestion  of  any  other  plan  which  might  occur 
to  me  as  calculated  to  aftbrd  the  best  accommodation  to  trade." 

It  was  further  resolved, 

"  That  Mr.  Robinson  be  directed  as  soon  as  he  shall  have  made  the 
necessary  examinations,  to  furnish  the  Board  with  his  views  and  opinions 
in  detail." 

Agreeably  to  this  resolution,  I  have  now  the  honor  to  submit  to  the 
Board  the  following  report: 

Two  considerations  of  less  moment  in  the  location  of  a  canal,  become 
objects  of  indispensable  attention  in  that  of  a  railroad,  and  in  determin- 
ing its  profile,  viz.,  the  amount  and  the  direction  of  the  trade  to  be 
anticipated  on  it;  a  knowledge  of  each  fact,  as  far  as  it  can  be  ascer- 
tained, is  essential  to  a  decision  between  rival  routes,  where  it  becomes 
often  a  question  how  far  a  more  eligible  trace  may  be  justified  at  an 
enhanced  cost.  The  proportion  of  trade,  or  its  relative  distribution  in 
each  direction,  has  its  influence  where  no  such  question  is  to  be  settled, 
because  on  this  ratio  depends  the  graduation  which  may  be  advisable  for 
each  portion  of  the  roadway,  and  which,  of  course,  is  to  be  api^roached 
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as  nearly  as  it  can  be  attained  without  incurring  an  expense  more  than 
commensurate  with  the  object. 

In  a  report  of  the  ith  of  December  last,  on  a  proposed  raihvay  con- 
nection between  the  Susquehanna  and  Schuylkill,  I  took  occasion  to 
consider  this  subject  in  some  detail.  The  conclusion  was  dedviced  that 
between  the  Susquehanna  and  the  dividing  ground — that  is  to  say,  in 
the  direction  of  the  greatest  transportation — the  ascending  graduation 
per  mile  should  be  reduced  to  its  minimum,  the  remaining  ascent  being 
overcome  by  inclined  planes  and  stationary  power  at  points  of  convenient 
location.  The  reasoning  which  led  to  this  conclusion,  applies  wdth 
greater  force  to  the  Allegheny  Portage.  There  can  be  no  doubt  that  the 
trade  must  be  immense  on  a  line  of  railway  intended  to  connect  the  East 
and  West,  and  two  divisions  of  canal,  each  of  which  passes  through  a 
district  jjecnliarly  fertile  in  most  valuable  but  ponderous  minerals,  and 
almost  as  little  that  whatever  may  be  the  present  ratio  of  that  trade,  that 
from  the  West  to  the  East  miist  after  a  time  preponderate. 

No  views  which  would  be  new  in  confirmation  of  the  opinions  here 
expressed  can  be  offered  to  the  consideration  of  the  Board.  Under  this 
impression,  they  are  submitted  without  comment. 

The  same  views,  however,  w^iich  recommend  a  cheaper  power  than 
that  of  horses  on  a  railway  which  is  to  traverse  the  Allegheny,  and  the 
largest  facilities  which  can  be  afforded  on  the  graduated  portions  of  it, 
urge  quite  as  strongly  the  greatest  practical  diminution  of  the  amount 
of  absolute  power  required;  or,  in  other  words,  that  the  mountain  should 
be  crossed  at  the  least  elevation,  and  by  a  line  of  the  least  length  which 
may  be  attainable.  If,  as  is  believed,  the  railway  will  in  a  few  years 
have  nearly  as  large  an  amount  of  trade  as  it  can  accommodate,  all 
elevation  beyond  what  is  necessarily  encountered,  any  unnecessary 
increase  of  distance  and  obstacles  arising  from  unnecessary  curvatures, 
will  form  a  perpetual  tax  on  this  trade,  which  ought,  as  far  as  possible^ 
to  be  avoided. 

Preliminary  to  the  trace  of  any  route,  a  full  examination  was  made 
of  the  summit,  as  far  north  and  south  as  there  was  the  least  probability 
that  a  line  would  cross.  It  resulted  in  ascertaining  the  fact,  that  the 
Sugar  Eun  Summit,  to  which  attention  had  been  first  drawn  by  Mr. 
Blair,  and  across  which  one  of  the  lines  of  Mr.  Eoberts  had  been  traced, 
was  the  most  reduced  i)oint  within  the  range  of  the  contemplated  con- 
nection at  which  the  mountain  could  be  crossed.     It  next  became  an 
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object  of  inquiry  liow  far  a  diminished  elevation  might  lie  attained  by 
tunneling. 

Bends  of  level  were  traced  on  each  side  of  the  mountain  (where  the 
information  sought  for  was  not  afforded  by  previous  surveys),  so  as  to 
show  by  the  proximity  of  these  lines  when  i^lotted,  the  points  -which  pre- 
sented themselves  under  the  most  favorable  aspect,  and  examinations 
were  afterwards  made  on  the  ground  at  these  points.  It  was  ascertained 
that  south  of  the  nouthern  turnpike,  a  more  reduced  elevation  than  that 
of  the  Sugar  Run  Summit  could  not  be  eflFected  without  incurring  the 
expense  of  a  tunnel  of  unreasonable  length,  and  more  than  proportional 
expense;  that  north  of  the  Blair's  Gap  Turnpike,  two  points  jiresented 
themselves  affording  more  than  ordinary  facilities,  that  at  one  of  them 
a  short  distance  north  of  Samuel  Lemmon's  tavern,  a  summit  level  one 
hundred  feet  lower  than  the  Sugar  Run  Summit  might  be  effected  by  a 
tunnel  of  a  mile,  that  at  a  second  jioint  one  and  a  half  miles  further 
north,  the  siimmit  level  might  be  reduced  200  feet  by  a  tunnel  of  a  mile 
and  one-sixth,  the  greatest  height  of  the  comb  of  earth  in  the  former 
case  being  177  feet,  in  the  latter  240  feet. 

Setting  aside  the  point  of  elevation,  it  was  further  apparent  on  a  mere 
view  of  the  country,  that  the  greatest  facilities  for  the  location  of  a  valu- 
able line  of  railway  would  not  be  presented  south  of  the  turnpike,  and 
it  appeared  from  the  surveys  of  the  preceding  season  that  any  practi- 
cable line  in  this  quarter  coiild  not  be  materially,  if  at  all,  shorter  than 
one  passing  along  the  western  slope  of  the  Allegheny  Mountain, 
crossing  at  the  point  first  named,  and  descending  by  the  Blair's  Gap 
Valley.  Under  these  circumstances  it  was  evident  that  further  examina- 
tions might,  without  hazard,  be  confined  to  such  lines  as  would  cross 
the  summit  either  at  the  Sugar  Run  Ga^j,  or  at  one  or  other  of  the  points 
above  named,  as  favorable  to  a  reduction  of  the  summit  level. 

The  line  first  traced  Avas  that  crossing  immediately  north  of  Samuel 
Lemmon's  tavern,  this  appearing,  on  a  reconnoisauce  of  the  ground,  to 
combine  more  completely  than  any  other  the  recommendations  of  re- 
duced elevation,  diminished  distance  and  relative  facility.  A  topograph- 
ical plan  and  profile  of  this  line, "revised  at  each  point,  which  admitted  of 
any  material  improvement,  is  herewith  presented.  It  will  be  unnecessary 
to  trouble  the  Board  with  a  detail  of  the  extended  and  minute  exami- 
nations which  have  led  to  the  conclusion  that  it  presents,  in  an  eminent 
degree,   the   most  eligible   route  for   a   railroad   on  the   plan  contem- 
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jilated  by  lifts  and  levels.  It  may  be  proper,  however,  toremai'k,  that  the 
line  which  crossed  at  a  more  reduced  summit  was  with  much  reluctance 
abandoned,  and  only  after  it  was  discovered  that  it  would  prove  much 
more  expensive;  on  the  western  side  of  the  summit  much  more  circuit- 
ous, and  that  insuperable  difficulties  would  attend  the  location  of  lifts 
along  the  Sugar  Run  Valley. 

The  line  adoj^ted  may,  for  convenient  consideration,  be  classed  in 
two  divisions,  commencing  at  a  B  M  on  a  beech,  on  a  branch  of  Clearfield 
north  45"^  30'  west  of  Lemmons,  2  004  feet  above  our  summit  level,  and 
going  east  it  curves  on  a  radius  of  500  feet  to  the  western  entrance  of 
the  tunnel  at  station  5.  After  piercing  the  mountain  it  is  located  on  the 
steep  slopes  south  of  the  north  l)rancli  of  the  Blair's  Gap  Run,  falling  at 
five  points  by  inclined  planes  and  in  the  intervening  distances,  at  a  gradu- 
ation varying  between  yj^r  and  juiu  of  a  foot  per  10  feet.  The  foot 
of  the  last  inclined  plane  is  located  about  6  miles  from  the  eastern  en- 
trance of  the  tunnel.and  about  J  of  a  mile  below  the  Blair's  Gap  Inn.  From 
this  jjoint  the  hills  fall  away  on  each  side  of  the  Blair's  Gap  Valley,  and 
become  too  much  indented  with  ravines  to  admit  of  retaining  such  a 
graduation  as  would  have  been  preferred.  It  has  been  found  practicable, 
however,  so  to  distribute  the  fall  of  the  valley  as  to  give  an  average 
descent  per  mile  from  the  foot  of  plane  No.  5  east  to  HoUidaysburgh. 

A  short  distance  below  this  village  the  railroad  will  connect  with  the 
eastern  division  of  Pennsylvania  Canal,  and  the  last  1  538  feet  of  the 
line  located,  terminating  at  station  308,  would  be  parallel  with  the  pro- 
posed basin.  Excluding  this  distance,  and  computing  from  S  B  M  I  to 
the  head  of  the  basin,  the  length  of  the  eastern  division  of  the  railroad 
will  be  10  miles  and  278  poles. 

The  first  588  poles  of  the  western  division  of  the  railroad  passes  over 
ground  of  a  very  gentle  declivity,  sloi^ing  in  the  first  instance  towards 
Storm's  Run,  a  tributary  of  Clearfield,  and  afterwards  towards  the 
Laurel  Swamp  branch  of  the  Conemaugh.  At  the  end  of  this  distance 
the  inclined  planes  west  of  the  summit  commence,  the  line  falling  sus- 
cessively  at  Adam's  Run,  Bear  Rock  Run  and  Ben's  Creek.  A  fourth 
inclined  plane  is  located  aboiit  J  of  a  mile  below  Litzinger's  saw  mill, 
and  lowers  the  line  into  the  valley  of  Conemaugh. 

The  graduation  between  these  planes  varies  between  tHtt  and  to  oir  of 
a  foot  for  each  distance  of  10  feet,  and  may  be  made  somewhat  more 
gentle  on  a  definitive  location. 
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Station  214,  at  the  foot  of  inclineil  plane  No.  4,  is  8  miles  and  191 
poles  from  S  B  M  I.  From  this  innnt  to  the  big  bend  of  the  Conemaugh, 
a  distance  of  9  miles  and  269  poles,  the  line  is  located  (with  the  excep- 
tion of  a  short  distance  from  the  foot  of  plane  No.  4)  on  the  north  side 
of  the  Conemaugh,  and  is  graduated  on  a  slope  generally  rising  to,  but 
in  no  case  exceeding  13  feet  and  a,  per  mile.  At  this  point  plane  No.  5 
west  is  located,  by  which  the  line  is  lowered  91^  feet.  Between  the  foot 
of  this  plane  and  Johnstown,  9  miles  and  20  poles,  the  Conemaugh  is 
crossed  five  times,  so  as  to  obtain  for  the  railroad  the  best  and  most  direct 
line.  The  trace  in  this  distance,  nevertheless,  deviates  more  from  a 
straight  line  than  on  any  portion  of  the  roxite;  on  this  part  of  the  loca- 
tion the  graduation  is  for  the  greater  part  of  the  distance  as  steep  as  26 
feet  and  tV(T  P^r  mile,  but  at  no  point  exceeds  this  descent. 

The  line  of  the  railroad  terminates  at  No.  671,  near  Johnstown,  the 
last  1  300  feet  being  at  a  convenient  distance  from  an  arm  of  the  Cone- 
maugh, which  will  be  converted  into  a  large  and  commodious  basin  by 
raising  Livergood's  dam  and  embanking  on  the  opposite  flat;  deducting 
this  distance,  the  whole  length  of  the  western  division  of  the  railroad 
from  SB  M  I  to  the  head  of  the  proposed  basin,  is  27  miles  and  93 
poles,  and  the  whole  distance  between  the  two  basins  38  miles  and  51 
poles. 

The  points  adopted  as  points  of  termination  for  the  railroad  and  of 
connection  with  the  canals  east  and  west  of  the  mountain,  are  recom- 
mended after  much  consideration.  It  will  be  proper  to  explain  to  the 
Board  at  some  length,  the  reasons  which  have  led  to  the  conclusion  that 
they  are  on  the  whole  the  most  advisable. 

It  will  be  observed,  on  examination,  that  the  profile  of  the  western 
part  of  the  proposed  railroad  from  the  foot  of  inclined  ^jlane  No.  4,  to  its 
point  of  termination,  is  well  adapted  to  the  use  of  locomotive  engines.  A 
motive  i)0wer  may  in  consequence  be  adopted  on  this  part  of  the  rail- 
road peculiarly  eligible  where  expedition  becomes  an  object,  and  bet- 
ter adapted  than  any  other  to  the  case  of  a  profile  within  the  limits  of 
locomotive  graduation,  and  which  for  other  power  would  not  be  advan- 
tageous. On  the  other  hand  there  is  little  doiibt  that  an  ample  supply 
of  water  for  locks  of  even  the  small  lift  of  5  feet  cannot  be  commanded 
from  the  Conemaugh  above  the  confluence  of  the  south  branch.  This 
circumstance  would  have  appeared  decisive  against  an  extension  of  the 
canal  above  Johnstown,  had  it  been  clear  that  an  increased  quantity 
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coultl  not  have  been  obtained  elsewhere.  It  was  deemed  proper,  how- 
ever, to  omit  no  view  of  the  subject  which  could  with  propriety  be 
taken  under  the  instructions  given,  and  which  might  be  desired  by  the 
Boaa'd.  Examinations  were  accordingly  commenced  with  the  view  of 
ascertaining  what  further  supply  could  be  commanded  at  the  confluence 
of  the  Munster  and  Ebensburg  branches. 

It  is  ascertained  that  a  feeder,  which  would  not  be  expensive,  for  5^ 
miles,  may  be  taken  from  the  Bedford  and  Cedar  swamjD  branches  of 
the  south  branch,  immediately  above  their  junction  and  brought 
without  any  material  difficulty  to  a  depressed  point  in  the  dividing 
ground  between  the  Conemaugh  and  south  branch.  From  this  point  (a 
little  south  of  William  Brookbank's  on  the  Johnstown  road)  it  would  be 
necessary  to  conduct  the  water  by  a  vault  of  5  feet  diameter  a  distance 
of  1  000  yards,  after  which  it  would  be  discharged  into  one  of  the 
sources  of  Ephraim's  run,  and  thence  find  its  way  along  the  bed  of  that 
stream  to  the  Conemagh,  2  miles  above  the  point  in  question.  A  small 
portion  of  the  waters  of  the  Clearfield  might  also  be  commanded  without 
much  difficulty,  and  at  several  points  on  the  Conemaugh,  reservoirs  of 
large  capacity  could,  if  requisite,  be  constructed. 

Under  these  circumstances,  it  may  be  deemed  perfectly  practicable 
to  extend  the  navigation  west  of  the  dividing  ground,  by  locks  of  any 
convenient  size,  17  miles  above  JohnstoAvn,  and  it  is  not  to  be  denied 
that  some  very  material  advantages  would  flow  from  such  a  reduction  in 
the  length  of  the  portage.  It  is  believed,  however,  that  these  will  be 
overbalanced. 

First. — By  the  increased  expense  of  a  canal  in  this  distance;  locks 
constructed  on  any  permanent  plan  would  cost  as  much,  or  nearly  as 
much,  as  the  railway.  To  this  is  to  be  added  the  cost  of  a  canal  embrac- 
ing much  difficult  ground  and  of  a  feeder  involving  a  subterraneous 
passage  of  the  length  above  stated . 

Secondly.— 'Rj  the  delay  attendant  on  passing  through  as  many  locks 
as  would  be  necessary  to  overcome  the  fall  (400  feet)  in  this  distance. 

Tliirdh/.—'Rj  the  increased  annual  expenses  on  the  canal  when  com- 
pleted. This  item  for  repairs  and  renewals  alone  might,  perhaps,  be 
equal  on  the  canal  and  railroad,  but  a  large  number  of  officers  would  be 
required  on  the  former  work,  who  might  be  dispensed  with  on  the 
latter.  Their  salaries  at  the  lowest  rates  at  which  competent  officers 
could  be  procured,  would  form  a  percentage  on  the  tolls  which  might 
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be  anticipated  worthy  of  much  consideration  in  an  estimate  of  the  rel- 
ative value  of  either  improvement. 

Fourthly. — By  the  interruptions  to  a  continued  communication  be- 
tween the  east  and  west,  which  might  be  anticipated  on  this  part  of  the 
line. 

These  would  arise  from  two  causes :  1st.  From  the  peculiar  liability 
of  a  canal  presenting  so  large  an  amount  of  lockage  in  a  short  distance 
to  derangement;  and  2dly,  the  obstruction  of  navigation  by  ice  at  a  later 
period  in  the  spring  and  at  an  earlier  period  in  the  fall  of  the  year  than 
on  other  parts  of  the  route.  This  last  effect  would  result  not  only  from 
the  greater  elevation  of  this  part  of  the  line,  but  the  peculiarly  confined 
character  of  the  Couemaugh  valley  in  this  distance. 

The  subject,  however,  is  submitted  with  due  deference  to  the  better 
judgment  of  the  Board.  Should  it  be  their  ojiinion  that  the  advantages- 
of  pushing  canal  navigation  west  of  the  Allegheny  to  the  highest  jjrac- 
ticable  point  preponderate  over  the  disadvantages  here  exposed,  it  may 
be  expedient  to  adopt  the  location  of  the  railroad  only  as  far  as  jjlane 
No.  4  west;  and  to  cause  a  particular  estimate  of  the  expense  of  a  feeder 
from  the  south  branch,  and  a  canal  the  remaining  distance  to  Johnstown 
to  be  made  before  coming  to  a  definite  decision. 

The  eastern  termination  of  the  railroad  appears  to  be  a  matter  of 
much  less  doubt.  A  basin  immediately  above  Frankstown  would  be 
more  easily  supplied  with  water  from  the  Juniata  below  the  junction  of 
the  Beaver  dam  and  southwest  branches,  but  would  possess  no  other 
recommendation.  The  situation  is  represented  as  peculiarly  unhealthy, 
and  the  only  building  ground  would  be  either  a  very  low  flat  or  steep 
hill-side.  Should  the  point  at  which  canal  navigation  will  terminate 
east  of  the  mountain  be,  as  it  is  believed  it  will  be  in  time,  a  large  and 
flourishing  depot,  some  better  accommodation  would  seem  to  be  re- 
quired for  the  trade  and  the  inhabitants,  whose  pursuits  may  lead  them 
to  settle  near  it.  The  same  supply  of  water  which  can  be  commanded 
at  Frankstown,  may  be  commanded  by  the  feeder  lines  laid  down 
in  the  plan  herewith  submitted,  at  a  point  peculiarly  pictur- 
esque, said  to  be  uncommonly  healthy,  and  liresenting  every  advantage 
lov  the  head  of  canal  navigation;  and  one  to  which  it  may  be  extended 
with  a  very  slight  increase  of  lockage. 

In  the  desci-iption  of  the  line  of  the  railroad,  a  mere  outline  of  the 
trace  adopted  has  been  given.    The  consideration  of  the  points  at  which 
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stationary  jjower  must  be  adopted,  and  those  at  which  inclined  jilanes 
may  be  admissible,  has  been  reserved;  because  a  previous  discussion  of 
some  points,  and  an  exposition  of  certain  jjrinciijles  on  which  this  will 
depend  will  be  necessary. 

Wherever  on  a  line  of  railway  a  trade  can  be  regulated,  self-acting 
l>lanes  are  available.  If  the  line  of  railway  descend,  and  the  trade  pre- 
ponderate in  the  direction  of  the  descent,  stationary  power  at  inclined 
planes  becomes  altogether  unnecessary.  If  a  summit  is  to  be  crossed, 
stationary  power  must  be  made  use  of  to  an  extent  sufficient  to  overcome 
the  preponderance  of  the  heavier  trade,  and  the  friction  of  the  machin- 
ery emiiloyed  in  raising  it;  but  this  heavier  trade  after  ascending,  may 
be  made  use  of  to  lift  up  a  lighter  returning  trade. 

Where,  of  course,  a  trade  on  a  line  of  railway  is  nearly  equal,  power 
to  a  certain  extent  becomes  indisi)ensable  at  each  plane,  in  either  direc- 
tion from  the  summit.  Its  amount  may,  however,  in  all  cases  be  materi- 
ally diminished  by  such  a  regulation  of  the  trade  as  will  bring  trains  of 
wftgons  to  the  foot  and  head  of  planes  at  the  same  time. 

There  can  be  but  little  doubt  that  the  trade  on  the  contemplated  line 
of  railway  must  be  in  a  short  time  a  much  heavier  one  from  west  to 
east,  than  in  the  opposite  direction.  The  bituminous  coal  of  the  Alle- 
gheny, which  even  now  is  taken  occasionally  over  a  very  bad  road  to  the 
villages  on  the  Juniata,  will  probably  of  itself  be  equal  in  weight  to  the 
whole  amount  of  iron  and  merchandise  returning. 

Under  these  circumstances,  powerful  steam  engines  (should  steam  be 
the  power  adopted)  will  be  required  at  i)lanes  Nos.  1,  2,  3,  4  and  5  west 
of  the  summit,  but  if  the  trade  be  a  regulated  trade,  the  gravity  of  de- 
scending trains  will  be  nearly  or  quite  sufficient  east  of  it. 

Such  a  result  may  be  attained  in  two  ways.  Either  the  privilege  of 
transportation  may  be  leasetl  for  a  term  of  years  to  individuals  or  a 
company,  who  should  transport  at  fixed  rates,  or  it  may  be  effected  by 
agents  of  the  commonwealth  at  sijecified  rates  for  toll  and  transporta- 
tion. 

I  am  aware  of  the  preference  which  will  always  be  given  in  Pennsyl- 
vania to  public  highways,  on  which  the  fullest  competition  may  have 
play,  and  that  very  plausible  objections  may  be  made  to  either  of  the 
plans  suggested.  It  is  believed,  however,  that  one  or  other  disjjosition 
of  the  portage,  at  any  rate  for  some  years  to  come,  is  recommended  by 
considerations  of  paramount  weight.     1st.  By  the  diminished  amount 
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of  power  required  for  any  giveu  amount  of  business,  should  the  i^ro- 
I)osed  railroad  be  a  public  highway,  5  steam  engines  averaging  70 
horse  power  each,  at  an  annual  exj^ense  in  fuel,  wear  and  tear,  and  at- 
tendance, of  S15  000.  or  other  stationary  power  equivalent  to  them,  will 
be  requii'ed  in  addition  to  those  stated  to  be  necessary  west  of  the  sum- 
mit; and  at  least  J  more  horse  power  will  be  necessary  on  those  por- 
tions of  the  railroad  on  which  it  is  employed.  To  understand  this  re- 
mai'k,  it  will  be  necessary  to  advert  to  the  circumstance  that  a  horse  can 
for  a  short  time  sustain  a  stress  of  which  he  would  not  be  caj^able  for  a 
series  of  hours.  Should  transportation  on  the  contemplated  railway  be 
eflfected  by  lessees  or  agents  of  the  commonwealth,  horses  operating  in 
relays  would  be  used  on  the  short  levels  of  the  road,  whilst  locomotive 
engines  would  be  employed  on  the  longer.  On  these  short  levels  a 
horse  would  be  capable  of  a  very  great  effort  in  ascending,  because  this 
effort  would  be  of  short  duration,  and  he  would  be  relieved  in  re- 
turning. It  would  be  otherwise,  however,  if  it  was  a  question  of  trav- 
eling the  whole  length  of  the  railroad,  ascending  and  descending 
in  a  trip  an  elevation  of  2  270  feet.  His  load,  it  will  be  obvioiis  in 
this  case,  could  not  very  greatly  exceed  what  would  be  his  fair  load  from 
his  starting  point  to  the  summit  level. 

Seconti/i/. — By  the  opportunity  which  it  affords  of  disi:)ensing  with 
crossing  j^laces  and  turnouts  between  the  inclined  planes.  These  on  a 
line  of  railroad  in  a  mountainous  country,  add  materially  to  its  expense, 
in  consequence  of  the  increased  width  of  roadway  they  require,  occasion- 
ally at  different  points  and  on  steep  slopes,  but  could  not  be  dispensed 
with  without  so  regulating  the  traffic  as  that  trains  traveling  in  either 
direction  would  progress  with  equal  speed. 

Thinlty. — By  the  superior  economy,  as  well  as  expedition  of  locomo- 
tive power.  This,  of  course,  must  be  given  up  between  plane  No.  5  west 
and  Johnstown,  should  the  railroad  be  a  public  highway,  as  locomotive 
engines  and  horses  could  not  be  advantageously  made  use  of  on  the 
same  i)arts  of  the  road.  A  further  inconvenience  would  result  from  this 
circumstance,  which  may  require  some  explanation. 

The  trade  on  the  contemplated  improvement  must  necessarily  be  ir- 
regular. During  three  or  four  months  of  the  year  at  least,  the  canals 
moy  be  expected  to  be  bound  up  by  ice,  and  at  midsummer  there  will 
probably  be  but  little  trade  to  or  from  any  point  beyond  Pittsburg,  in 
consequence  of  the  difficulties  attending  the  navigation  of  the  Ohio  at 
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that  season.  It  can  scarcely  be  expected  that  any  competition  on  the 
proposed  railroad,  if  a  public  highway,  woiild  insure  adequate  means  of 
transportation  for  what  might  accumulate  at  each  extremity  of  the  road 
•during  those  periods  of  the  year  w^hen  all  the  avenues  of  trade  would  be 
open.  This  end,  however,  will  be  attained  if  transportation  is  effected 
by  the  commonwealth,  or  by  individuals  to  whom  the  privilege  shall 
have^been  leased.  In  the  latter  case  conditions  may  be  aflSxed  and 
requisitions  made,  which  will  be  easily  complied  with,  both  because  a 
given  amount  of  power  will  be  productive  of  a  larger  result  under  this 
than  vinder  any  other  arrangement;  and  because  a  surplus  number  of 
locomotive  engines  may  be  retained  on  those  parts  of  the  road  on  which 
they  can  be  used,  without  incurring  any  further  expense  when  they  may 
be  unemployed  than  the  amount  of  interest  on  their  cost. 

It  remains  to  be  added,  that  should  transportation  on  the  proposed 
railroad  be  effected  by  agents,  or  resj)onsible  lessees  of  the  common- 
wealth, the  objections  which  have  been  made  to  the  Pennsylvania  line  of 
•communication,  as  presenting  in  its  portage  danger  of  delay  and  uncer- 
tainty, will  be  in  a  great  measure  avoided;  and  it  may  not  be  digressing 
too  far  or  hazarding  too  much,  to  ex^^ress  the  confident  belief  that  under 
-such  a  system  transportation  may  be  effected,  not  only  more  expeditiously, 
but  as  chea^jly  and  with  more  certainty  by  the  portage  than  it  could 
have  been  by  a  water  communication  across  the  mountain,  had  this  last 
been  attainable. 

The  annexed  i^aper,  marked  A,  presents  a  description,  and  an  esti- 
mate in  detail  of  each  division  of  the  railroad,  divided  into  natural  sec- 
tions. It  will  be  proper  in  this  place  to  discuss  the  style  of  execution  of 
the  proposed  improvement. 

The  width  of  the  roadway  formation  will  be  21  feet.  This  will  admit 
of  two  tracks  of  5  feet  width  each,  an  intervening  space  of  3  feet,  a  foot- 
path and  drain  on  sloping  ground;  or  of  two  tracks  and  two  foot-paths 
on  embankments.  In  the  few  cases  of  deep  cuttings  which  occur,  an 
•extra  width  proportioned  to  the  length  and  depth  of  the  cut  will  be  re- 
quired. 

Embankments,  when  but  small  vents  are  requisite  to  pass  streams  or 
spring  torrents,  are  generally  jn-eferred  to  bridges,  and  in  the  formation  of 
inclined  planes  where  the  profile  of  the  surface  is  much  depressed  below 
that  of  the  plane,  the  requisite  graduation  is  attained  by  embankments 
•or  walling,  and  in  no  case  by  trusses.     Undoubtedly  a  considerable  sav- 
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ing  in  first  cost  would  accrue  from  the  substitution  of  wooden  bridges, 
and  frames  of  timber  for  the  heavy  walls  and  embankments  which  are  con- 
templated. When  it  is  recollected,  however,  that  the  great  weight  of  a 
train  of  railroad  wagons  would  expose  such  structures  to  a  stress  under 
which  they  would  occasionally  yield,  and  that  the  destruction  of  one  of 
them  from  this  cause,  or  by  a  mischievous  incendiary,  might  produce  an 
interruption  to  trade  during  weeks  or  months,  the  propriety  of  dispens- 
ing with  them,  except  under  i)articular  circumstances,  will  be  at  once 
perceived. 

In  the  superstructure  of  the  railroad  more  economy  may  be  exercised 
than  in  grading  or  roadway  formation.  The  cheapness  of  timber,  and 
the  facility  with  which  they  may  be  renewed,  will  recommend,  in  the  first 
instance  at  any  rate,  wooden  rails  plated  with  iron  bars  in  preference  to 
rails  of  malleable  or  cast-iron.  A  superstructiire  of  this  description  is 
recommended  by  the  further  consideration  that  a  less  expensive  descri]}- 
tion  of  iron  may  be  made  use  of  for  plating  wooden  rails  than  would  be 
required  for  rails  entirely  of  metal. 

Of  course,  on  those  parts  of  the  railroad  on  which  steam  power  is 
contemplated,  some  extra  strength  will  be  requisite.  The  wooden  rails 
must  be  stouter,  and  their  points  of  support  more  frequent  than  on 
other  portions  of  the  work.  It  will  also  be  proper  to  give  to  the  plate 
rails  a  somewhat  diflferent  section  and  some  increase  of  weight.  On  the 
other  hand  some  diminution  of  expense  will  be  occasioned  by  dispensing 
with  a  horse-path  on  this  portion  of  the  roadway. 

The  following  construction  is  recommended  for  the  superstructure  of 
the  railroad  (exceiDt  at  inclined  planes)  between  Holliday&burgh  and  the 
foot  of  inclined  plane  No.  4,  west,  or  on  that  part  of  the  railroad  on 
which  horse  power  is  contemplated. 

Blocks  of  stone  2  feet  6  inches  long,  2  feet  deep  and  15  inches  wide,  to 
be  embedded  every  8i  feet  apart  on  a  layer  of  broken  stone  of  the  depth 
of  6  inches.  Each  of  these  blocks  to  be  drilled  at  2  jjoints  to  the  depth 
of  8  inches,  and  its  surface  to  be  leveled  with  that  of  the  roadway. 
On  them  blocks  of  white  oak  or  locust  notched  for  the  reception  of  rails 
to  be  attached  with  locust  trunnels.  The  ends  and  points  of  support  of 
the  wooden  rails  to  be  secured  in  these  blocks  by  a  key  so  as  to  admit  of 
removal,  raising  or  shifting  to  the  one  side  or  other  of  the  groove  in  the 
simplest  manner.  The  advantages  of  this  construction  are  believed  to  be 
material;  not  only  the  rail  is  elevated  and  less  exposed  to  the  operation 
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of  causes  which  produce  decay,  but  the  inconvenience  arising  from  a 
slight  settling  of  the  foundation  may  be  at  once  remedied  by  a  removal 
of  the  key  and  raising  the  rail,  or  if  the  parallelism  of  the  railway  should 
be  disturbed,  by  shifting  the  rail  laterally. 

The  least  weight  to  which  it  has  so  far  been  found  expedient  to  reduce 
locomotive  engines,  including  the  fuel  and  water  with  which  they  should 
be  furnished  at  each  point  of  supply,  is  6i  tons,  or  about  2^  tons  more 
than  the  weight  of  the  cars  and  their  loads  which  are  contemplated  on 
the  railroad.  To  meet  this  increased  stress,  the  following  construction 
is  proposed  on  those  parts  of  the  railroad  on  which  machinery  will  be 
employed;  or  between  plane  No.  4,  west,  and  Johnstown. 

Two  feet  cubes  of  stone  to  l)e  embedded  as  before  on  broken  stone, 
7  feet  ai>art  from  center  to  center  in  the  direction  of  the  railroad ;  and 
on  these  cubes,  sills  of  white  oak  or  locust  extending  across  the  track  to 
be  bolted.  The  wooden  rails  to  be  keyed  into  the  sills  as  in  the  former 
instance  into  the  blocks.  The  only  difference  iu  the  principle  of  the 
two  constructions,  it  will  be  observed,  consists  in  extending  the  sills 
across  the  railroad  track.  This  construction,  which  would  not  be  advis- 
able on  other  parts  of  the  railroad  on  accountof  its  interference  with  the 
horse-path,  is  recommended  on  that  portion  on  which  locomotive  en- 
gines will  oj^erate,  on  account  of  its  s^^perior  solidity. 

Kails  6^  inches  by  10  inches,  and  plate  rails  half  an  inch  by  two 
inches,  are  proposed  for  those  parts  of  the  railroad  on  which  horse 
power  will  be  employed.  For  the  remainder  of  the  road  and  the  super- 
structure of  inclined  planes,  rails  8  by  12  inches,  and  plate  rails  having 
a  cross-section  equal  to  l-fV  inches,  will  be  reqiiired. 

The  whole  cost  of  the  contemi)lated  improvement,  it  will  be  ob- 
served, is  estimated  at  ^936  004.87.  The  prices  allowed  are  deemed 
liberal,  and  believed  to  be  sufficient  to  execute  each  description  of  work 
involved  in  the  railroad  in  the  most  substantial  manner.  It  would  of 
course  be  unwise  in  the  extreme  to  execute  otherwise  a  line  of  commu- 
nication on  which  not  only  the  value  of  two  great  divisions  of  canal, 
but  of  many  other  improvements  in  the  State  must  essentially  depend. 

Next  in  order  to  "  the  construction  of  a  railway  between  the  waters 
of  Juniata  and  Conemaugh,  overcoming  the  summit  by  means  of 
stationary  engines,  and  self-acting  planes,"  attention  was  directed  to 
the  construction  of  a  macadamized  turnpike  of  the  best  kind  between 
the  same  points. 
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No  examiaatious  have  been  made  especially  in  reference  to  this 
object  during  the  past  season,  uor  do  any  in  addition  to  the  surveys 
made  by  authority  of  the  State  in  the  summer  of  1828,  ai3pear  to  be 
required.  It  results  from  these  that  a  tolerably  direct  route  within  the 
limit  of  one  degree  of  graduation  caunot  be  had  between  the  points  of 
contemplated  connection,  and  that  whilst  a  railroad  of  the  most  advan- 
tageous description  between  Johnstown  and  Hollidaysburgh  will  not 
much  exceed  thirty-eight  miles,  a  macadamized  turnpike  of  the  gradu- 
ation above  stated,  between  Johnstown  and  the  head  of  the  basin  con- 
temi^lated  at  Frankstowu  (only  two  miles  lower  down),  cannot  fall 
much,  if  at  all,  short  of  fifty. 

It  may  sometimes  be  a  (question  whether  an  inferior  improvement  of 
diminished  length  should  not  be  preferred  to  one  of  superior  order,  but 
by  which  the  distance  between  two  points  would  be  materially  in- 
creased. When,  however,  the  reverse  is  the  case,  and  the  trade  to  be 
accommodated  is  considerable,  such  a  question  we  should  think  could 
very  rarely  arise.  It  will  be  proper,  however,  to  institute  a  more  pre- 
cise comparison  between  the  two  kinds  of  improvement  submitted. 

Such  a  comparison  involves  three  points :  the  first  cost,  the  annual 
expense,  and  the  cost  of  transportation  on  each  species  of  improvement. 

The  estimates  of  Mr.  Roberts  (see  Canal  Documents,  1828,  p.  216) 
give  $506  145. 34  as  the  cost  of  a  macadamized  road  36  feet  wide,  on 
the  shortest  of  the  routes  surveyed  by  him  at  a  graduation  of  one 
degree.  To  this  estimate  remains  to  be  added  an  allowance  for  contin- 
gencies and  superintendence,  so  that  the  Avhole  cost  of  such  a  road  may 
be  stated  without  danger  of  excess  at  at  least  ^550  000  between  Johns- 
town and  Frankstown,  or  at  $528  000  between  Johnstown  and  Holli- 
daysburgh. This  would  leave  a  diiference  in  cost  between  the  macadam- 
ized road  and  railroad  of  $408  000. 

The  difference  in  their  annual  expense  is  a  matter  of  more  difficult 
determination.  Whilst  the  necessary  expenses  of  a  railroad  are  under 
any  circumstances  considerable,  they  increase  in  a  very  slight  ratio  with 
the  increase  of  its  trade.  Those  of  a  turnpike,  on  the  other  hand, 
increase  in  nearly  the  same  ratio.  It  certainly  will  not  be  rating  too 
highly  the  business  which  may  be  anticipated  on  the  Allegheny  Portage 
to  suppose  that  the  annual  repairs  of  a  turnpike  which  would  accom- 
modate it,  would  at  least  equal  those  of  repairs  and  renewal  (setting 
aside  the  expenses  of  fixed  and  locomotive  power)  on  a  railroad.     If  the 
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supposition  be  correct,  it  will  remain  only  to  compare  the  cost  of  trans- 
l^ortation  on  the  railroad  and  turnpike  with  the  first  cost  of  the  respect- 
ive improvements. 

If  the  following  calculations  are  correct  (and  no  doubt  is  entertained 
that  they  are  not  too  favorable  to  the  railroad),  they  show  that  with  a 
trade  limited  certainly  in  comijarison  with  what  may  be  anticipated,  it 
would  form,  notwithstanding  its  increased  cost,  much  the  most  advis- 
able connection. 

Estimating  the  trade  between  Johnstown  and  Hollidaysburgh  at  30  000 
tons  going  eastwardly — the  trade  going  westwardly  to  be  taken  in  return 
loads — and  that  transportation  is  effected  during  250  days  in  the  year, 
the  average  transj^ortation  eastwardly  would  be  120  tons  per  diem. 

The  average  load  on  a  horse,  on  a  macadamized  tiirnpike,  would  be 
about  twelve  cwt. ,  or  f  ths  of  a  ton.  The  time  occupied  in  a  trip  7  days, 
viz. :  5  going  and  returning,  and  one  at  each  point  of  termination  for 
rest  and  loading. 

Assuming  these  data  120  x  f  x  7  =  1  400  horses  would  be  required 
on  a  turnpike  between  Johnston  and  Hollidaysburgh;  and  estimating 
5  horses  a  team,  280  drivers. 

Five  locomotive  engines,  forty  horses  and  thirty  drivers  and  tenders, 
would  more  comjiletely  accommodate  the  same  trade  on  a  railroad. 
Presuming  the  wear  and  tear  and  interest  on  turniiike  and  railroad 
wagons  to  be  equal,  and  estimating  the  daily  expense  of  a  locomotive 
engine  as  equal  to  the  interest  on  the  cost,  the  wear  and  tear  and  expense 
of  five  horses,  the  saving  in  motive  j^ower  would  be  equal  to  the  wear  and 
tear,  expense  and  interest  on  the  cost  of  1  335  horses  and  250  drivers. 

The  former  item  of  expense  could  scarcely  be  less  than  30  cents  per 
day  per  horse  during  the  whole  year,  and  an  average  of  60  cents  per  day 
for  faithful  and  trusty  drivers  would  probably  not  exceed  what  their 
services  would  command. 

Then  1 335  x  30  -f-  250  x  60  =  500  dollars  and  50  cents  per  day,  or  $200- 
932.50  per  anniam,  would  be  the  difference  in  the  exjiense  of  transpor- 
tation on  a  turnpike  and  macadamized  road. 

Deducting  from  this  amount  the  expense  of  fuel  and  attendance  for 
five  stationary  engines,  estimated  at  $2  200  each  ($11  000)  and  of  attend- 
ance at  five  self-acting  planes,  at  $5  000,  we  have  still  left  in  favor  of  the 
railroad  a  saving  in  the  annual  cost  of  transportation  of  $184  932.52,  or 
a  sum  equal  to  nine  times  the  interest  on  the  difference  in  the  first  cost 
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of  the  two  improvements.  The  commonwealth  may  of  course  indem- 
nify herself  largely  for  any  additional  outlay  she  may  make,  and  yet 
leave  her  citizens  largely  the  gainers. 

It  will  be  seen  at  once,  that  with  a  trade  greater  than  that  on  which 
tlie  foregoing  calculation  is  predicated,  the  balance  in  favor  of  the  railroad 
would  not  only  be  greater,  Init  increased  in  a  still  greater  ratio  because 
the  expenses  on  the  railroad  for  fixed  power  and  attendance  at  jilanes 
would  be  very  slightly  increased,  whilst  those  for  rej^airs  on  the  tiirn- 
l)ike  would  increase  in  a  ratio  nearly  correspondent  with  its  increase  of 
business. 

It  may  not  be  out  of  place  here  to  correct  some  misapprehensions 
which  appear  to  exist  in  relation  to  the  value  of  macadamized  roads  as 
a  means  of  transportation  for  merchandize  and  produce. 

Travelers  who  have  visited  Great  Britain  have  been  struck  with 
the  smoothness  and  easy  graduation  of  the  roads  which  traverse  every 
portion  of  that  highly  imj^roved  country,  and  have  returned  to  America 
enamored  of  an  imiorovemeut  which  owes  its  success  rather  to  the  cir- 
cumstances under  which  it  was  introduced,  than  to  the  character  of  the 
impi'ovement  itself.  It  was  long  after  canals  had  been  constructed  in 
every  quarter  of  England,  and  the  benefits  of  improved  communication 
been  extended  into  its  more  broken  and  mountainous  districts  by  rail- 
roads, that  macadamized  roads  were  introduced.  They  were  wanted  as 
a  means  of  accommodation  for  the  greatly  increased  traveling  which 
had  been  occasioned  by  an  immensely  extended  internal  and  external 
commerce,  and  as  such,  have  answered  in  an  admirable  degree  the  end 
for  which  they  were  desired.  It  would  have  been  otherwise,  however, 
had  they  been  made  use  of  to  effect  the  heavy  transi^ortation  of  the  in- 
terior of  the  country,  or  to  convey  to  the  seaboard  the  products  of  its 
mines  and  manufactories,  destined  for  foreign  ports. 

The  small  fragments  of  stone  of  which  it  is  essential  that  the  cover- 
ing of  macadamized  roads  should  consist,  triturate  very  rapidly  even 
under  the  light  weights  conveyed  on  them  in  England.  Although  it  is 
extremely  rare  that  any  heavier  vehicle  than  a  stage  coach  is  seen  on  an 
English  turnpike,  yet  the  annual  exjjense  of  repairs  on  those  which  are 
much  traveled,  is  estimated  at  £100  sterling  per  mile. 

Were  the  carriages  used  on  them  heavier,  their  capping  would  crush 
in  pieces  much  more  rapidly.  The  subject  has  been  ingeniously  illus- 
trated by  a  comparison  drawn  from  the  eflect  of  a  large  and   small 


198  EOBINSON   OX    THE    ALLEGHENY    PORTAGE. 

hammer.  A  pebble,  it  has  beeu  correctly  observed,  which  would  resist 
a  severe  blow  from  a  hammer  of  two  pounds,  would  be  crushed  into 
powder  by  one  of  moderate  intensity  from  a  hammer  of  four  pounds. 

The  rejaairs  of  a  macadamized  road,  on  which  heavy  wagons  were 
used,  would  not  only  be  extremely  expensive  from  the  excessive  destruc- 
tion of  materials,  but  also  from  the  constant  labor  which  would  be  re- 
quired to  fill  up  the  ruts  in  the  road  which  the  wheels  of  such  wagons 
would  be  continually  wearing.  No  jjlan  which  has  yet  been  fallen  on 
will  avoid  this  on  a  good  road. 

Large  wheels,  on  a  bad  road,  will  avoid  the  deepening  of  ruts  be- 
yond a  certain  point,  but  if  the  materials  of  which  the  road  is  composed 
are  small,  they  must  yield  under  pressure,  and  the  evil  is  only  aggra- 
vated with  large  wheels,  because  such  wheels  cannot  press  uniformly  on 
a  rounded  surface,  which  a  macadamized  road  should  always  have;  and 
would  cut  more  deejily  at  their  corners  than  narrower  wheels,  which 
would  have  a  more  equal  bearing. 

It  is  proper  to  mention  before  leaving  this  subject,  that  good 
materials  for  the  cai)ping  of  a  macadamized  road  would  be  had  with 
difficulty  in  the  neighborhood  of  either  of  the  lines  surveyed.  The 
sandstone  of  the  Allegheny  is  sometimes  hard,  but  i:>ulverizes  easily 
under  pressure,  and  bonds  together  but  indifferently. 

The  third  point  to  which  attention  was  directed  by  the  resolution  of 
the  Board,  was  "  the  suggestion  of  any  other  i^lan  which  might  be  deemed 
best  calculated  to  accommodate  trade." 

Under  this  head  it  may  be  observed  that  next  to  a  good  water  com- 
munication, no  plan  is  in  general  deemed  more  eligible  for  the  accom- 
modation of  a  large  trade  than  a  railroad,  overcoming  elevations  by 
means  of  stationary  power  and  inclined  i3lanes. 

The  profile  of  the  line  of  railroad  surveyed  across  the  Allegheny 
Mountain,  may  certainly  be  considered  in  a  high  degree  favorable. 
More  than  two-thirds  of  the  distance  between  Johnstown  and  the  summit 
level,  as  has  been  before  observed,  is  well  adapted  to  the  use  of  locomo- 
tive power.  On  the  remaining  third,  the  ascending  graduation  is  but 
small,  and  may  be  still  further  reduced  by  a  slight  increase  in  the  rise 
of  each  lift,  without  any  material  accession  of  expense.  East  of  the 
summit  the  profile  of  the  railroad  is  not  quite  as  favorable  as  west  of  it, 
but  on  the  whole  may  not  be  considered  ineligible  for  a  trade  prepon- 
derating in  this  direction. 
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The  plan  of  the  road  is  not  more  unfavorable  than  its  profile.  At 
two  or  three  points  it  may  be  advisable  to  turn  on  a  smaller  radius  than 
five  hundred  feet,  but  short  and  sudden  curvatures  will  be  but  very 
seldom  required. 

Natixre,  then,  has  not  shown  herself  churlish  in  the  distribution  of 
facilities  for  the  contemplated  connection,  and  whilst  she  has  main- 
tained her  barrier  of  partition  between  the  waters  of  the  Chesapeake  and 
Mississippi,  at  the  head  of  the  Juniata,  as  at  most  other  points,  unbroken, 
she  has  presented  perhaps  as  many  facilities  in  this  quarter  for  over- 
coming it  by  an  improvement  of  the  best  description,  as  could  reason- 
ably have  been  expected. 

On  the  other  hand,  she  appears  with  equal  energy  and  a  boldness 
scarcely  to  be  mistaken,  to  have  denounced  any  plan  of  effecting  this 
object  by  graduation.  The  wide  and  deep  ravines  with  which  both  the 
eastern  and  western  slopes  of  the  Allegheny  are  torn,  and  which  have 
been  found  so  advantageous  for  the  location  of  inclined  planes,  would 
have  presented  obstacles  to  a  graded  road  of  any  kind,  which  could 
only  have  been  overcome  at  an  enormous  expense,  or  avoided  by  a  very 
great  increase  in  the  length  of  a  line. 

Under  these  circumstances,  it  is  not  hazarding  too  much  to  say,  that 
no  plan  of  improvement  can  he  offered  to  the  consideration  of  the  Board 
more  eligible  than  that  submitted  under  the  first  head  of  this  report. 
It  may,  however,  be  a  question  whether  a  cheaper  and  simpler  power 
cannot  be  substituted  at  inclined  planes  for  that  of  steam,  which  has 
been  contemplated  in  the  annexed  estimate. 

Water  power  is  available  with  but  little  fall,  wherever  a  sufficiently 
large  body  can  be  commanded.  It  is  not  the  less  so  where  the  reverse 
is  the  case,  that  is  to  say,  where  the  volume  of  water,  though  small,  can 
be  commanded  from  a  very  great  elevation. 

In  but  one  case  on  the  line  of  the  railroad  can  a  sufficiently  lai-ge 
body  of  water  be  commanded  at  an  inclined  plane,  to  act  in  the  ordinary 
manner  on  a  water  wheel.  At  the  Big  Bend  of  the  Coneipaugh,  the 
whole  stream  may  be  had  at  a  point  half  way  down  the  plane,  with  the 
advantage  of  a  head  and  fall  of  fifty  feet,  if  necessary;  affording,  of 
course,  for  the  inclined  plane  at  this  point,  a  greater  amount  of  power 
than  can  in  any  contingency  be  wanted. 

At  the  other  inclined  ])lane3  west  of  the  summit,  considerable  streams 
of  water  could  not  be  commanded;  but  at  three  of  them,  small  and  con- 
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stant  streams  may  be  l)rought,  without  encountering  any  very  serious 
expense,  to  the  head  or  midway  of  the  planes.  Two  plans  are  deemed 
worthy  of  suggestion  to  the  Board  by  which  the  power  they  would 
aflford  may  be  made  use  of. 

The  first  plan  jiiirposes  a  piston,  cylinder  and  crank,  in  all  respects 
similar  to  those  of  the  steam  engine.  The  water  to  be  conveyed  by 
pipes  with  the  advantage  of  the  greatest  head  which  can  conveniently 
be  had,  and  to  be  admitted  alternately  above  and  below  the  piston  (as 
steam  from  the  boiler  of  a  steam  engine),  by  means  of  a  four-w^ ay-cock 
or  valves;  the  latter  to  be  opened  and  shut  as  in  the  steam  engine,  by 
means  of  a  rod  attached  to  the  working  beam.  The  jirinciple  on  which 
this  machinery  (usually  denominated  the  water-pressure  engine)  is  de- 
pendent for  its  power,  it  will  be  observed  is  the  same  as  that  of  the 
hydrostatic  press  of  Bramah,  from  which  such  important  results  have 
of  late  years  been  derived. 

The  second  plan  purposes  the  use  of  water  in  cisterns  as  a  counter- 
poise to  ascending  Aveights,  reducing  the  operation  of  ascending  west  as 
well  as  east  of  the  summit,  to  that  of  self-acting  planes.  The  annexed 
drawing  and  specifications  marked  B,  exhibit  its  details.  It  is  jiroper 
to  observe  to  the  Board,  that  this  plan  of  overcoming  elevations  is 
claimed  as  an  invention  of  the  undersigned,  and  under  a  favoral)le  im- 
pression of  its  applicability  under  many  circumstances,  Avas  secured  by 
patent  before  he  had  the  honor  of  being  engaged  in  their  service.  He 
will,  of  course,  be  excused  from  any  comparison  of  its  advantages  or  dis- 
advantages with  those  of  the  other  plans  submitted. 

It  may  be  desirable  before  closing  this  report,  to  present  to  the  view 
of  the  Board,  some  considerations  Avhich  have  governed  in  relation  to 
the  location  of  inclined  planes  on  the  proposed  railroad,  which  it  has 
not  been  found  convenient  before  to  introduce. 

Two  points  have  been  deemed  to  be  of  essential  importance  in  the 
location  of  inclined  planes.  First,  that  they  should  be  straight,  and  that 
the  line  of  the  railroad  should,  for  a  short  distance  from  the  head  and 
foot  of  each  plane,  be  in  the  same  direction  with  the  plane;  and  secondly, 
that  the  plane  itself  should  either  have  a  uniform  inclination  with  the 
horizon,  or  an  inclination  gradually  diminishing  between  the  head  and 
foot  of  the  plane.  On  a  plane  to  any  extent  curved  in  its  plan,  a  greater 
loss  of  power  and  wear  and  tear  of  cable  and  rope  will  always  be  sus- 
tained  than  on  a  straight  plane,  and  without  a  stage  of  some  extent  at 
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the  head  of  the  plane  iu  the  same  clirectioa  with  the  plane,  a  very  exten- 
sive business  cannot  be  accommodated;  and  should  the  plane  be  so  far 
curved  as  to  prevent  the  manager  at  the  head  of  the  plane  from  em- 
bracing its  whole  extent  under  his  view,  the  operation  of  raising  and 
lowering  trains  must  be  conducted  by  signals,  and  often  disadvan- 
tageously. 

On  planes  on  which  power  is  to  be  applied,  an  inclination  slightly 
diminishing  towards  the  foot  of  the  jjlane  is  most  desirable;  on  self- 
acting  planes  (where  the  fullest  useful  effect  of  the  gravity  of  descending 
bodies  is  desired)  the  most  advisable  iirofile  is  an  approximation  to  the 
cycloid.  It  is  in  either  case  a  disadvantageous  feature,  if  the  plane  be- 
comes steeper  towards  its  foot.  In  the  one  case,  the  engine,  at  the  com- 
mencement of  its  labor,  is  compelled  to  exert  a  greater  force  than  is 
afterwards  required.  In  the  other,  a  descending  train  of  wagons  may 
acquire,  in  consequence  of  its  increased  stress,  combined  with  its  accel- 
erating force,  a  momentum  not  to  be  controlled  without  difficulty  by  a 
brake,  and  attended  with  much  hazard. 

It  was  farther  an  object  in  the  case  imder  consideration,  to  reduce 
the  number  of  i3lanes  as  far  as  practicable.  Such  a  reduction  was 
peculiarly  recommended  by  the  saving  of  time  in  transportation  which 
it  insured,  and  the  superior  simplicity  of  any  system  of  transportation 
which  might  be  adopted  on  the  completion  of  the  work. 

The  bold  outlines  of  the  country  over  which  the  railroad  has  been 
located,  did  not  admit  of  prescribing  to  it  too  many  conditions.  Of 
course,  in  complying  with  those  which  were  deemed  essential,  secondary 
considerations  have  been  occasionally  waived. 

The  accompanying  volume  of  profiles  marked  C,  jiresents  a  view  of 
the  ground  which  has  been  selected  for  the  different  planes  east  and 
Avest  of  the  summit,  and  the  general  inclination  recommended  at  each 
plane.  This  of  course  does  not  correspond  in  all  cases  with  that  which, 
looking  only  to  the  trade  and  its  direction,  would  be  deemed  the  most 
advisable,  but  deviates  as  little  from  such  a  profile  as  a  due  regard  to 
circumstances  would  permit.  The  great  essentials  in  the  location  of 
planes  above  explained,  it  has  been  found  practicable,  with  one  excep- 
tion, to  observe.  Plane  No.  2  east  has  a  curvature  in  its  course  corre- 
sponding to  a  versed  sine  of  40  feet  on  a  chord  of  672  feet.  It  may  be 
proper  to  mention  also,  that  at  plane  No.  5  west,  it  will  be  necessary  to 
arrive  on  and  leave  the  foot  of  the  plane  by  a  turning  platform. 
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It  will  be  observed  that  the  elevation  overcome,  and  angle  of  inclina- 
tion adopted  at  the  di£Ferent  lifts,  di£Fer  very  materially.  These  differ- 
ences would  be  comijensated  on  the  execution  of  the  work  by  adopting 
at  each  point  machinery  of  suitable  weight  and  power.  The  propor- 
tions allowed  in  the  estimate  are  deemed  a  sufficient  approximation  for 
the  purpose  for  which  they  are  used,  but  a  nice  calculation  of  strength 
for  each  portion  of  the  machinery  employed,  will  of  course  be  requisite, 
in  order  to  avoid  on  the  one  hand  the  loss  of  power  which  would  be  sus- 
tained by  the  use  of  cables  and  other  fixtures  unnecessarily  cumbrous, 
or  the  disastrous  consequences  which  might  result  from  the  want  of  a 
due  degree  of  strength  in  their  proportions. 

In  addition  to  the  documents  above  referred  to,  two  volumes  of  topo- 
graphical sketches,  and  two  field  books,  presenting  all  further  informa- 
tion on  the  subject  believed  to  be  material,  are  herewith  presented  to 
the  Board. 

All  which  is  respectfully  submitted, 

MONCUKE   KOBINSON, 

Civil  Engineer. 
November  21st,  1829. 

The  following  portion  of  the  estimate  accompanying  the  above 
report  may  not  be  iininteresting  at  the  present  day: 
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Estimated  Cost  of  Constructing  the  Portage  Rallkoad,  etc. 
Average    Expense   of  a   Mile    of   Railroad    adapted    to    Horse    Power, 
2  560  stone  blocks,  embedded  and  drilled,  at  75 

cents $1  920  00 

Same  number  of  wooden  blocks  (white  oak  or 

locust),  12   inches   square,   and  trunneled    to 

stones,  at  40  cents 1  024  00 

Same  number  of  wedges  or  keys,  at  5  cents. . . .         128  00 
21  824  lineal  feet  of  wooden  rails,  6^  by  10  inches, 

allowing  3^  per  cent,  for  waste,  at  4  cents. . . .         872  96 
21 200  feet   of  iron   rails,  2   inches  by  J    inch, 

weight  3^  pounds  per  foot,  31.55  tons,  at  ^75 

per  ton 2  366  25 

Four-inch  spikes 191  25 

Strips  of  iron  or  zinc  under  ends  of  rails 36  54 

Placing,  dressing  and  keying  wooden  rails  of  320 

lineal  perches  of  railway,  at  60  cents  per  perch         192  00 
Putting  down  and  spiking  320  poles  of  iron  rails, 

at  70  cents 224  00 

Stoning  horse-path,  640   cubic  yards   of    small 

broken  stone,  at  75  cents  per  yard 480  00 

$7  435  00 


Average  Expense  of  a  Mile  of   Railroad  adapted  to  Locomotive  Poiver. 

3  018  stone  blocks  (cubes  of  2  feet),  embedded, 
drilled  and  plugged  for  the  reception  of  bolts, 
at  75  cents $2  263  50 

1  510  sills  of  locust  or  white  oak,  9  feet  long,  12 
by  12,  sawed  for  the  reception  of  rails  and 
bolted,  at  80  cents 1  208  00 

3  018  bolts,  20  inches  long,  by  one  inch  in  diam- 
eter, at  30  cents 905  40 

3  018  keys,  at  5  cents 150  90 

21  824  lineal  feet  of  wooden  rails,  8  by  12,  at  6 

cents 1  309  44 

21  200  lineal  feet  of  iron  rails,  cross-section  equal 

to   1.41   inches,  weight  44^,-    tons,    at  ^75..      3,322  50 

Wrought-iron  spikes,  5i  inches  long 225  00 

Fixtures  at  ends  of  rails 53  26 

Placing,  dressing  and  keying  Avooden  rails  of  320 

perches  of  railway,  at  80  cents  per  perch 256  00 

Putting  down  and  spiking  320  poles  of  iron 
rails,  at  same  rate 256  00 

.$9  950  00 
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During  the  year  following  the  presentation  of  the  above  report,  a 
line  of  different  characteristics  from  that  above  described  was  traced 
and  recommended  by  Lieut.  -Col.  Long.  At  the  request  of  the  Canal 
Commissioners  a  second  rejiort  was  made  by  the  writer  which  is  given 
below: 

To  the  Board  of  Canal  Commissioners  of  the  State  of  Pennsylvania: 

Gentlemen: — It  appears  that  the  several  engineers  appointed  under 
the  Act  of  the  27th  of  March  last,  to  inspect  the  several  routes  and  report 
in  relation  to  the  Allegheny  Portage,  concur  in  deeming  a  railroad  pref- 
erable to  a  macadamized  road,  and  in  awarding  their  preference  to  "a 
route  leading  upwards  along  the  valleys  of  Blair's  Gap  run,  crossing  the 
Allegheny  Mountain  at  Blair's  Gaj)  summit,  and  descending  to  Johns- 
town, in  the  valleys  of  Laurel  Eun  and  the  Little  Conemaugh; "  but  that 
two  lines  complying  with  the  above  conditions  are  at  issue  before  them; 
the  one  traced  by  the  undersigned  in  1829,  and  by  him  recommended  to 
the  Canal  Commissioners  in  his  report  of  that  year;  the  other  traced 
by  Lieut. -Col.  Long  in  the  summer  and  fall  of  1830. 

As  the  opinions  of  the  undersigned  in  regard  to  the  superior  eligi- 
bility of  the  line  traced  by  him  in  1829  remain  unchanged,  after  a 
careful  review  of  all  the  considerations  which  appear  to  him  to  have  an 
influence  in  the  selection  of  a  rout§,  it  now  becomes  his  duty  to  say 
so,  and  to  refer  the  Board  of  Canal  Commissioners  to  his  report  of 
1829,  and  the  accompanying  documents  for  an  exposition  of  his  plans  in 
detail.*  In  doing  so  he  does  not  mean  to  say  that  on  a  review  of  the 
line  many  improvements  on  particular  portions  of  it  might  not  be  made. 
On  the  contrary,  he  has,  in  the  report  above  alluded  to,  pointed  out 
changes  which  it  would  be  desirable  to  effect,  and  alluded  to  blemishes 
which,  on  a  final  adjustment  of  the  line,  it  would  be  advantageous  to 
avoid.  But  he  is  satisfied  that  the  line  in  all  its  important  features  will 
be  found  the  most  advisable,  and  particularly  in  those  by  which  it  is 
distinguished  from  the  line  traced  during  the  past  season  by  Lieut. -Col. 
Long. 

The  undersigned  does  not  mean  to  enter  into  an  unnecessary  and 
invidious  analysis  of  the  two  lines.  He  deems  it,  however,  under  the 
circumstances  stated,  due  to  the  Canal  Commissioners  and  to  himself,  as 
well  as  to  the  great  interests  which  rest  on  the  execution  of  the  proposed 

*  See  Register,  volume  5th,  pages  97  and  116. 
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improvement  in  the  most  judicious  manner,  to  compare  them  in  those 
respects  in  which  they  most  widely  differ,  and  to  present  in  as  brief  a  man- 
ner as  possible  some  views  which  appear  to  him  decisive  on  the  subject. 

The  line  traced  by  Col.  Long  appeal's  to  be  the  result  of  "a  course 
of  examination  and  surveys,  the  leading  objects  of  Avhich  were  to  obviate 
the  necessity  of  constructing  a  tunnel  at  the  summit  till  such  time  as 
the  exigencies  of  the  trade  ui^on  the  road  should  require  it;  to  avoid  the 
adoption  of  inclined  planes  having  inclination  greater  than  5  degrees, 
and,  if  possible,  to  limit  their  inclinations  to  3  degrees;  to  provide  for 
a  route  upon  which  not  only  stationary,  but  progressive  power  might 
operate  to  advantage,  according  to  circumstances;  to  effect  a  definite 
location  of  a  route  upon  ground  most  favorable  for  the  construction  of 
a  road  in  regard  to  the  principles,  as  well  as  to  the  cost  of  construc- 
tion," etc. 

The  results  of  the  course  of  examinations  and  surveys  of  Col.  Long 
are,  that  the  necessity  of  a  tunnel  at  the  Summit  is  obviated  by  encoun- 
tering that  very  summit  which  the  tunnel  was  recommended  to  avoid, 
with  the  exception  of  "  a  deep  cut  about  1  500  feet  long,  the  greatest 
depth  of  which  will  be  18  feet."  In  avoiding  the  adoption  of  inclined 
planes  having  inclinations  greater  than  5  degrees,  and  in  limiting 
their  inclination  to  3  degrees,  eleven  inclined  planes  (the  whole 
number  required)  have  been  located,  not  one  of  which  is  straight, 
and  several  of  which  present,  in  the  opinion  of  the  undersigned, 
curvatures  altogether  inadmissible.  In  his  report  of  November, 
1829,  the  undersigned  had  observed  that  "the  bold  outlines  of  the 
country  did  not  admit  of  prescribing  to  it  too  many  conditions."  He 
will  endeavor  to  show  that  the  condition  of  having  inclined  planes  in  no 
case  exceeding  5  degrees,  and  in  most  cases  under  3  degrees,  which 
would  lead  in  every  case  to  the  substitution  of  curved  planes  for  the 
straight  planes  located  by  him  in  1829,  is  an  unnecessary  and  inapplic- 
able one,  and  that  such  a  substitution  would  be  in  every  way  i^rejiidicial 
to  the  contemi^lated  improvement.  It  will  be  proper,  however,  to 
examine  the  features  in  which  the  two  lines  most  widely  differ,  in  the 
order  in  which  they  have  been  presented,  and 

First,  as  to  the  tunnel: 

In  the  investigation  of  this  subject,  and  of  every  other  connected 
with  the  Allegheny  Portage,  it  seems  to  the  undersigned  very  clear  that 
we  can  arrive  at  no  conclusion  which  has  not  reference  to  the  amount 
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and  character  of  the  trade  to  be  accommodated  on  it,  or  which  is  not 
based  upon  a  "  consideration  of  Avhat  the  exigencies  of  the  trade  "  may 
require.  If  it  is  doubtful  whether  the  trade  in  question  may  be  a  very 
small  trade  or  a  very  large  trade,  and  we  must  wait  for  experience  to 
guide  us,  then,  it  seems  to  him,  the  engineers  have  hazarded  a  great  deal 
in  recommending  a  railroad  instead  of  a  macadamized  road,  because  it 
is  evident  that  the  latter  would  be  jiistified  by  a  trade  much  smaller 
than  would  be  required  to  make  the  former  a  judicious  scheme.  But  if, 
on  the  other  hand,  the  trade  on  the  railroad  will,  almost  as  soon  as  the 
work  is  brought  into  successful  operation,  be  very  great,  if  it  will  at  all 
approach  what  has  been  anticipated  by  the  gentlemen  of  this  State  who 
have  given  most  attention  to  the  subject  of  its  improvements,  then  it 
seems  equally  clear  that  an  increased  expenditure  ought  not  in  the  first 
instance  to  be  spared,  which  is  to  diminish  forever  afterwards  in  a  much 
greater  ratio  than  the  interest  on  that  expenditure,  the  annual  charges 
on  transportation. 

If  any  inference  is  deducible  from  premises,  if  any  conclusion  can 
be  predicated  on  circumstances,  analogies  or  probabilities,  it  would 
seem  to  be  safe  to  predict  that  a  line  of  railroad  would  have  nearly  as 
large  an  amount  of  trade  as  it  could  accommodate,  which  is  to  unite  all 
the  lines  of  inland  communication  executed  or  projected  in  Pennsyl- 
vania east  of  the  Allegheny  Mountain,  with  all  those  west  of  it,  which 
must  form  a  link  in  any  combination  embracing  an  eastern  and  western 
railroad  or  canal  which  is  to  connect  Philadelphia  with  Pittsburg  and 
the  great  Mississippi  valley  and  our  inland  lakes  with  the  ocean.  If  it 
should  not,  that  it  could  result  only  from  mistakes  in  plan  or  execution, 
or  a  misjudged  economy  in  not  executing  the  work  on  which  so  many 
other  lines  must  depend  for  their  usefulness  in  a  manner  commensurate 
with  the  purposes  it  was  intended  to  subserve.  The  following  considera- 
tions (presuming  this  view  of  the  business  to  be  accommodated  on  the 
proposed  railroad  to  be  correct),  appear  to  the  uadersigned  conclusive 
in  favor  of  a  tunnel: 

1st.  All  the  examinations  which  have  been  so  far  made,  show  a  tunnel 
to  be  necessary  to  the  location  of  straight  inclined  planes  immediately 
east  and  west  of  the  summit.  A  reference  to  the  map  presented  by  the 
undersigned  in  1829  will  illustrate  this  position,  which,  it  is  presumed, 
will  not  be  disputed,  and  a  consideration  of  the  great  importance  of  the 
object  in  view  is  reserved  to  a  later  period  in  this  report. 
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2cl.  In  depressing  the  summit  level  by  a  tunnel,  we  place  it  below  an 
extensive  coal-field,  more  conveniently  situated  in  this  case  than  any 
other  for  the  siipply  of  bituminous  coal  to  the  towns  and  villages  on  the 
Juniata.  In  the  event  of  such  a  work  being  executed,  it  is  confidently 
believed  that  a  coal  trade  sufficient  to  give  a  full  preponderance  to  the 
trade  going  east,  and  to  lift  up  that  going  west,  wiU  be  created,  and  that 
steam  engines  east  of  the  summit  may  be  altogether  dispensed  with. 
On  the  i^lan  of  Col.  Long  (unless  a  much  more  expensive  jDower— that 
of  horses — is  substituted),  six  steam  engines  would  be  required  east  of 
the  summit  in  addition  to  those  wanted  west  of  it. 

3d.  The  elevation  surmounted  on  the  Allegheny  Mountain,  even 
after  reducing  the  summit  by  a  tunnel,  is  one-foiirth  greater  than  has 
yet  been  encountered  on  any  similar  improvement,  and  the  difficulty  of 
accommodating  a  large  trade  on  a  railroad  of  lifts  and  levels  (superior 
as  such  an  improvement  certainly  is  to  any  other  plan  of  overcoming 
elevations),  increases  evidently  in  a  much  greater  ratio  than  in  propor- 
tion to  the  elevation  surmounted.  Ordinary  considerations  of  prudence 
would  seem  under  these  circumstances  to  dictate  to  us,  when  going 
beyond  what  has  yet  been  effected,  at  least  not  to  go  further  than  may 
be  necessary  to  our  purpose. 

4th.  In  discarding  a  tunnel,  we  are  increasing  the  distance  between 
Philadelphia  and  Pittsburg,  or  increasing  the  length  of  the  railroad,  so 
far  as  time  and  power  are  elements  in  estimating  it,  about  5  miles, 
and  its  disadvantages,  if  not  to  an  equal,  at  least  to  a  considerable 
extent. 

The  above  remark  is  founded  on  the  presumption  that  friction  on  a 
level  line  of  railroad  may  be  estimated  at  1  in  200;  of  course,  that  26 
feet  and  n,'  of  elevation  would  require  the  same  power  to  overcome 
it  as  an  increase  of  1  mile  in  distance;  or  that  131  feet  of  elevation,  the 
additional  height  of  the  summit  on  the  portage  (should  a  deep  cut  be 
substituted  for  a  tunnel)  would  be  equivalent  to  an  increase  of  distance 
of  5  miles. 

It  is  true  that  the  disadvantages  of  a  summit,  or  of  increased  eleva- 
tion on  a  railroad,  are  not  increased  in  a  ratio  correspondent  with  the 
increase  of  power  necessary  to  overcome  it,  because  stationary  power, 
which  will  generally  be  resorted  to  at  summits,  will  be  found  in  most 
cases  cheaj^er  than  locomotives  or  horses,  the  most  expedient  and 
appropriate  powers  on  levels;  yet  the  cost  of  rope  and  wear  and  tear  of 
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machinery  will  be  found  in  all  cases  to  constitute  very  large  deductions 
from  any  superior  economy  in  power,  and  under  certain  circumstances 
may  be  equivalent  to  them. 

The  undersigned  trusts  enough  has  been  said  to  satisfy  the  Board 
that  in  recommending  a  reduction  of  the  Allegheny  summit  by  tunnel- 
ing, he  submitted  to  them  no  hastily-conceived  or  ill-considered  project. 
He  has  deemed  it  due  to  the  Board  and  to  himself,  whatever  may  be  the 
fate  of  the  measure  recommended  by  him,  to  show  that  it  is  profession- 
ally correct.  The  Board  are  too  well  acquainted  with  the  duties  and 
responsibilities  of  a  civil  engineer  to  expect  or  desire  that  their  officers 
in  forming  their  plans  should  look  to  their  plausibility  or  popularity . 
They  will  expect  of  them  to  recommend  such  as  they  believe  to  be  most 
eligible,  and  to  leave  the  proper  authority  to  adopt  or  reject. 

The  undersigned  will  add  that  he  was  very  well  aware,  in  submitting 
in  1829  to  the  Board  of  Canal  Commissioners  a  plan  of  crossing  the 
Allegheny  Mountain  by  means  of  a  system  of  inclined  planes  and 
stationary  power,  and  of  reducing  the  summit  by  a  tunnel,  that  such  a 
plan  must  necessarily  experience  distrust  and  ojiposition.  It  would 
have  been  singular,  indeed,  if  it  had  not.  The  system  recommended 
was  new  in  all  its  features  in  Pennsylvania,  and  the  first  essays  in  the 
way  of  tunneling  in  this  State  had,  from  a  want  of  experience  on  the 
l)art  of  the  undertakers,  and  from  other  causes,  been  unnecessarily 
expensive.  Whilst,  therefore,  the  undersigned  experiences  some  regret, 
he  is  not  surprised  that  he  could  not  present  his  views  to  the  Board  in 
a  light  as  forcible  as  he  would  have  wished.  Since  the  date  of  his 
repprt  much  has  occurred  to  familiarize  the  public  with  the  subject  of 
railroads  generally,  and  the  complete  success  of  the  Carbondale 
Eailroad  has  enabled  the  Board  of  Canal  Commissioners  to  point  to  an 
improvement,  which  illustrates  more  forcibly  than  any  reasoning  could, 
the  advantages  of  the  system  proposed  for  the  Allegheny  Mountain. 
The  superiority  of  such  a  system,  whatever  may  have  been  thought  of  it 
twelve  months  since,  it  is  presumed  is  no  longer  questioned.  However 
bold  the  assertion  may  be  deemed,  the  undersigned  entertains  no  doubt 
that  five  years  hence,  when  the  serious  disadvantages  of  unnecessary 
elevation,  of  an  iinnecessary  multiplication  of  engines,  and  of  curvatures 
in  inclined  planes  on  railroads,  are  better  understood  than  they  appear 
at  present  to  be,  the  expediency  of  tunneling  at  the  i^ortage  summit 
will  be  questioned  as  little. 
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It  now  becomes  the  duty  of  tlie  undersigned  to  sliow  tliat  on  tlie 
principles  of  Col.  Long,  as  ex^iosed  in  a  published  document  on  a  former 
occasion,  the  expediency  of  tunneling  at  the  Allegheny  summit  is 
recommended  by  the  consideration  of  reduction  in  elevation  alone.  The 
imdersigned  is  far  from  concurring  in  all  the  views  taken  in  the 
document  referred  to.  But  they  will  probably  be  deemed  good  authority 
as  regards  Col.  Long  himself,  when  in  the  present  instance  that  gentle- 
man questions  the  expediency  of  a  tunnel. 

The  undersigned  here  takes  leave  to  refer  to  a  report  of  the  Board 
of  Engineers  of  the  Baltimore  and  Ohio  Kailroad  Company,  made  on 
the  20th  of  May,  1829,  signed  by  S.  H.  Long,  President  of  the  Board. 

In  that  document,  the  object  of  which  is  to  present  the  result  of 
inquiries  made  by  the  Board  of  Engineers,  "in  reference  to  the  selec- 
tion of  a  route  for  the  railroad  from  Parr's  Spring  Ridge  to  the  Point  of 
Rocks,"  the  following  views  are  taken: 

* '  In  accordance  with  an  opinion  advanced  by  this  Board  on  a  former 
occasion,  in  reference  to  the  inclination  required  for  the  spontaneous 
descent  of  carriages  upon  a  railroad  constructed  in  the  manner  con- 
templated for  the  Baltimore  and  Ohio  Railroad,  the  cost  of  transporta- 
tion upward,  on  an  ascent  of  30  feet,  perpendicular  height,  whatever  may 
be  the  distance;  or,  in  other  words,  the  amount  of  power  required  to 
ascend  an  elevation  of  30  feet,  in  addition  to  that  required  on  a  level 
railroad  of  the  same  extent,  would  at  least  be  equivalent  to  that  required 
for  conveyance  through  a  distance  of  1  mile.  Subsequent  exi^eriments 
on  the  Baltimore  and  Ohio  Railroad  have  contributed  not  only  to  estab- 
lish the  correctness  of  the  opinion,  but  also  to  aftbrd  unequivocal 
testimony  that  an  elevation  considerably  less  than  that  just  mentioned 
is  to  be  regarded  as  an  impediment  more  difficult  to  be  overcome  than 
the  distance  of  a  mile  on  a  horizontal  road.  Nevertheless,  we  shall,  on 
the  present  occasion,  adhere  to  our  former  mode  of  estimating  the  dis- 
advantages attendant  upon  ascents,  and  regard  an  elevation  of  30  feet 
as  equivalent  to  1  mUe,  so  far  as  it  relates  to  the  cost  of  transportation. 
Agreeably  to  this  assumption,  the  following  table,"  etc. 

It  will  be  unnecessary  to  give  at  length  the  tables  which  follow. 
Among  the  conclusions  deduced  is  this,  that  on  the  tonnage  anticipated 
for  the  Baltimore  and  Ohio  Railroad,  the  annual  difference  in  the  cost 
of  transportation  corresponding  to  a  difference  in  equated  distances  of 
8  miles  and  1  165  yards,  will  be  S77  950. 
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The  above  views  are  submitted  without  comment.  The  trade  on  the 
Allegheny  Portage  may  certainly — without  hazard  of  overrating  it — be 
expected  to  be  equal  to  that  on  the  Baltimore  and  Ohio  Bailroad;  and 
supposing  the  conclusions  of  Col.  Long  to  have  been  even  aj^proxi- 
mately  correct,  it  would  be  most  misjudged  economy  to  dispense  with  a 
tunnel,  were  no  expensive  substitutes  in  question,  and  even  if  its  whole 
cost  could  be  saved. 

The  undersigned  would  now  leave  the  subject  of  the  tunnel,  but 
opinions  so  exaggerated  of  its  cost  and  difficulty  have  been  entertained, 
and  so  generally,  that  he  is  induced  to  trespass  on  the  indulgence  of  the 
Board  with  a  few  very  simple  comparisons.  If  they  produce  in  the 
present  instance  no  practical  result,  they  may,  perhaps,  be  iiseful  in 
inducing  a  juster  appreciation  of  similar  iindertakings  hereafter. 

The  whole  estimated  cost  of  the  Allegheny  Portage  tunnel  was 
^165  571.20.  This  amount,  like  all  the  items  of  his  estimate,  was 
deemed  liberal  at  the  time;  but  the  completion  of  the  Liverpool  tunnel, 
a  work  of  much  greater  magnitude  and  difficulty,  for  a  smaller  sum, 
shows  it  to  have  been  much  more  than  ample. 

The  height  of  the  Liverpool  tunnel  is  16  feet;  its  breadth,  22  feet; 
and  its  length,  2  200  yards. 

Its  excavation,  of  course,  must  have  been  39 J  yards  per  lineal  yard, 
and  the  whole  cubic  contents  86  044  yards. 

The  whole  amount  of  excavation  of  the  proposed  Allegheny  Portage 
tunnel  is  50  688  yards. 

The  cost  of  the  Liverpool  tunnel,  exclusive  of  compensation  to 
individuals  for  houses  destroyed,  and  other  damages,  was  £34  770 
sterling,  or,  estimating  the  dollars  at  4s.  6d. ,  ^154  533. 

And  the  Allegheny  Portage  tunnel,  estimated  at  a  proiaortionate  rate, 
would  be  $91  034. 

In  speaking  of  the  Liverpool  tunnel,  Mr.  Booth,  the  Treasurer  of 
the  Company,  observes:  "But  while  some  portions  of  the  tunnel  were 
excavated  under  circumstances  of  no  little  difficulty  and  danger,  and 
requiring  aU  the  skill  and  energy  of  the  engineer  to  accomplish,  other 
portions  were  hewn  through  a  fine  red  sandstone,  clean,  dry  and  sub- 
stantial, and  requiring  neither  props  or  artificial  arching;  the  natural 
rock  forming  the  roof  of  the  excavation." 

It  was  deemed  by  the  undersigned  proper,  on  account  of  the  hori- 
zontal stratification  of  the  Allegheny,  to  include  in  his  estimate   the 
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expense  of  arching  the  whole  length  of  the  tnunel;  but  it  is  needless  to 
say  to  any  one  conversant  with  the  geology  of  the  Allegheny,  that  a 
txmnel  there  would  he  excavated  through  a  sandstone  as  clean,  dry  and 
substantial  as  any  similar  rock,  and  the  excavation  of  which  would,  of 
course,  be  as  favorable  as  that  of  the  most  favorable  portion  of  the  tun- 
nel at  Liverpool. 

The  undersigned  will  now  request  the  attention  of  the  Board  of  Canal 
Commissioners  to  the  second  point  in  which  the  lines  traced  by  himself 
in  1829,  and  by  Lieut.-Col.  Long  during  the  past  season,  most  materially 
differ,  viz.,  the  character  of  the  inclined  planes  traced  on  them.  A 
mistake  on  this  head  will  certainly  be  deemed  far  more  serious  than  one 
in  relation  to  the  tunnel.  If  the  tunnel  should,  for  the  present,  be  dis- 
pensed with,  it  may,  when  found  necessary  at  a  later  period,  be  executed, 
and  the  best  arrangement  be  then  adopted,  in  relation  to  the  planes  im- 
mediately east  and  west  of  the  summit;  but  a  mistake  in  the  location  of 
the  planes  generally  on  the  line,  as  it  would  influence  the  level  and 
graduation  of  intermediate  portions  of  it,  might  be  deemed  one  of 
irreiJarable  evil.  The  undersigned  begs  leave,  therefore,  to  go  into  this 
subject  at  some  length,  and  to  introdiice  the  following  extract  from  his 
report  of  1829: 

"  Two  points  have  been  deemed  to  be  of  essential  importance  in  the 
location  of  inclined  planes:  1st — That  they  should  be  straight,  and  that 
the  line  of  the  railroad  should,  for  a  short  distance  from  the  head  and 
foot  of  each  plane,  be  in  the  same  direction  with  the  plane;  and 
2dly — That  the  plane  itself  should  either  have  an  uniform  inclination 
with  the  horizon,  or  an  inclination  gradually  diminishing  between  the 
head  and  foot  of  the  plane.  On  a  plane  any  extent  curved  in  its  plan,  a 
greater  loss  of  power,  and  wear  and  tear  of  cable  or  rope,  will  always  be 
sustained  than  on  a  straight  plane,  and  without  a  stage  of  some  extent 
at  the  head  of  the  plane,  in  the  same  direction  with  the  plane,  a  very 
extensive  business  cannot  be  accommodated;  and  should  the  plane  be  so 
far  curved  as  to  prevent  the  manager  at  the  head  of  the  plane  from 
embracing  its  whole  extent  under  his  view,  the  operation  of  raising  and 
lowering  trains  must  be  conducted  by  signals,  and  often  disadvantage- 
ously. 

"  On  planes  on  which  power  is  to  be  applied,  an  inclination  slightly 
diminishing  towards  the  foot  of  the  plane  is  most  desirable;  on  self-act- 
ing planes  (where  the  fullest  useful  effect  of  the  gravity  of  descending 
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bodies  is  desired),  tlie  most  advisable  protile  is  an  approximation  to  the 
cycloid.  It  is  in  either  case  a  disadvantageous  feature,  if  the  plane  be- 
comes steeper  towards  its  foot.  In  the  one  case  the  engine,  at  the 
commencement  of  its  labor,  is  compelled  to  exert  a  greater  force  than  is 
afterwards  required.  In  the  other,  a  descending  train  of  wagons  may 
acquire,  in  consequ.ence  of  its  increased  stress,  combined  with  its  acceler- 
ating force,  a  momentum  not  to  be  controlled  by  a  brake,  and  attended 
Avith  much  hazard. 

"It  was  farther  an  object,  in  the  case  under  consideration,  T^o  reduce 
the  number  of  planes  as  far  as  practicable.  Such  a  reduction  was 
lieculiarly  recommended  by  the  saving  of  time  in  transportation  which 
it  insiired,  and  the  superior  simplicity  of  any  system  of  transportation 
which  might  be  adopted  on  the  completion  of  the  work. " 

Agreeably  to  the  above  views,  nine  out  of  ten  planes  were  located, 
varying  in  their  inclination  from  3 J  to  9 J  degrees;  and  in  one  case,  in 
order  to  command  the  whole  Avater  power  of  the  Conemaugh,  at  a  point 
midway  the  ]olane,  an  ascent  of  26  degrees  was  admitted.  In  one  of  the 
planes  only  Avas  any  curvature  allowed  in  the  plane;  and  in  that  case  .the 
extent  of  the  curvature  was  an  arc  corresponding  to  a  versed  sine  of 
40  feet  on  a  chord  of  672  feet.  All  these  planes,  it  will  be  observed, 
have  an  acclivity  greater  than  3  degrees,  the  limit  which  Colonel 
Long  deems  most  desirable.  It  Avill  be  proper,  therefore,  to  ascertain 
whether  any  very  strong  considerations  forbid  such  an  increase  of  in- 
clination. 

It  will,  perhaps,  on  the  first  view,  strike  a  superticial  thinker  that 
the  j)ower  of  the  engine  required  for  a  plane  must  be  increased  in  some 
degree  in  proi^ortion  to  its  acclivity.  It  Avill  be  perceived,  however,  at 
once,  by  a  mind  ever  so  little  versed  in  the  simplest  elements  of 
mechanics  or  machinery,  that  this  is  not  the  case;  that  to  lift  a  weight 
a  given  height  in  a  given  time,  the  principle  of  the  inclined  plane 
requires  an  equal  expenditure  of  i^ower  Avhether  it  be  steep  or  gentle; 
and,  in  practice,  something  more  on  a  gentle  plane,  because  the  same 
amount  of  power  must  in  each  case  be  expended  in  overcoming  the 
gravity  of  the  load,  while  its  friction  on  a  gentle  plane  is,  of  course,  in 
the  ratio  of  its  increased  length.  It  will  equally  present  itself  that  in 
increasing  the  acclivity  of  a  plane  the  whole  weight  of  rope  Avill  not  be 
increased,  because,  presuming  the  plane  to  be  twice  as  steep,  and  the 
.stress  on  the  rope,  of  course,  to  be  doubled,  the  rope  will,  on  the  other 
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band,  be  but  balf  as  loug;  and  the  strength  of  rope,  it  is  well  known, 
increases  in  proportion  to  its  cross-sectiou,  or  to  its  weight  in  a  given 
distance. 

It  will  be  equally  aj^parent  on  examination  that  the  whole  weight  of 
the  drum,  or  rope  roll,  and  of  the  sheaves  of  the  i^lane,  will  not  at  any 
rate  be  increased  by  an  increase  of  acclivity. 

If  the  theory  of  the  inclined  plane  furnishes  nothing  to  justify  the 
limit  of  acclivity  assumed  by  Lieutenant-Colonel  Long,  neither  does 
the  practice  of  British  engineers.  It  is  true  that  in  England  jjroper, 
one  of  the  most  champaign  countries  of  Europe,  the  inclined  planes  of 
railroads  are  generally  of  but  slight  inclination.  The  elevations  to  be 
surmounted  in  that  coiiutry  are  not  often  considerable,  and  it  would,  in 
most  cases,  have  been  diflSeult  to  have  thrown  a  large  amount  of  rise  or 
fall  into  a  small  distance.  Self-acting  planes  have  been  made  gentle  for 
an  additional  reason,  because,  as  observes  Mr.  Wood  in  his  treatise  on 
railroads,  "  Whei'e  gravity  is  the  moving  power,  it  scarcely  need  be 
stated  that  the  strictest  regard  should  lie  paid  to  economizing  its 
effects.  The  power  itself  is  acquired  at  no  co'st,  and  on  that  account 
should  be  extended  to  the  utmost  limit  of  its  applicability." 

But  in  that  portion  of  the  interior  of  England,  in  the  neighborhood 
of  the  Peak,  which  presents  an  aspect  approximating  in  rudeness  and 
boldness  of  outline  to  our  own  Allegheny,  and  in  the  mountains  of 
Wales,  the  practice  of  British  engineers  is  very  different;  and  it  is  be- 
lieved that  the  assertion  may  safely  be  hazarded,  that  not  a  single 
instance  can  be  cited  in  those  districts  in  which,  under  similar  circum- 
stances, planes  of  the  gentle  inclination  proposed  by  Lieutenant-Colonel 
Long  have  ever  been  executed  or  proposed. 

No  improvement  in  the  world  presents  so  striking  an  analogy  to  the 
proposed  Allegheny  Portage  as  the  Cromford  and  High  Peak  Railway. 
It  connects  two  lines  of  canal,  the  Peak  Forest  and  Cromford.  Its 
summit  is  elevated  992  feet  above  the  surface  water  of  the  latter,  and 
the  country  over  which  it  passes  jjresents  obstacles  of  a  similar  charac- 
ter. It  seems  to  furnish  us,  then,  a  case  in  point,  where  the  practice  of 
those  who  have  preceded  us  may  lend  us  some  aid.  It  may  be  added 
that  the  work  presents  as  a  study  the  farther  recommendation  that  it 
has  been  but  lately  executed,  and,  of  course,  those  who  projected  and 
executed  it  have  had  the  advantage  of  all  the  recent  improvements  in 
railroads,  and  that  it  was  i)lanned  and  executed  by  Mr.  Jessup,  one  of 
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tlie  most  distinguished   among   the  many  eminent   civil   engineers  of 
Great  Britain. 

In  the  "  London  Year  Book  "  for  the  year  1830,  the  following  state- 
ment is  given  of  the  inclined  planes  on  that  work : 

1st    ascent    1740   feet  long  204  feet   1-8.53    rise. 


2d 

2  133 

261 

1-8.17 

3d 

2  124 

253 

1-8.40 

4th   " 

1371 

98 

1-14 

5th   " 

2  550 

168 

1-15.2 

6th  descent 

1980 

266 

1-7.44 

7th 

1365 

191 

1-7.15 

It  will  be  seen  on  examining  the  above  inclinations  that  they  vary 
between  3j  and  8  degrees  in  surmounting  a  summit  of  992  feet,  and 
that  the  elevations  overcome  by  the  inclined  planes  vary  between  98  and 
266  feet;  evidently  showing  that  the  inclination  as  well  as  the  extent  of 
the  planes  was  deemed  a  matter  of  no  particular  moment,  and  was  gov- 
erned by  localities,  and  that  the  jieculiar  advantages  of  a  plane  not 
exceeding  3  degrees  of  inclination  were,  in  a  case  similar  to  that  under 
consideration,  not  perceived  by  Mr.  Jessup. 

In  "Wales  the  undersigned  scarcely  recollects  an  inclined  plane  where 
under  10  degrees,  and  those  that  he  saw  in  the  mining  districts  of 
that  province  varied  generally  between  10  and  30  degrees;  and  he  is 
informed  by  Captain  M'Neil  that  he  saw  one  on  the  Blaencum  EaUroad, 
near  Abergavenny,  as  steep  as  35  degrees. 

It  is  scarcely  worth  while  to  add  anything  farther  on  this  subject. 
It  will  be  seen  on  reference  to  the  profiles  submitted  in  1829,  that  the 
range  of  inclination  proposed  by  the  undersigned  on  the  Allegheny 
Portage,  with  one  exception,  does  not  vary  materially  from  that  adopted 
by  Mr.  Jessup  on  the  Cromford  and  High  Peak  Railway;  and  that,  in 
the  case  in  question,  an  imjjortant  object,  that  of  securing  a  water 
2iOwer  equal  to  the  accommodation  of  any  trade  which  can  ever  be 
anticipated  on  the  portage,  seems  to  recommend  an  increase  of  the 
angle  of  inclination  of  the  jjlane.  It  will  be  agreed  that  this  jjarticular 
plane  is  inconveniently  steei),  and  that  but  for  the  circumstance  above 
stated  a  different  location  would  have  been  deemed  more  advisable;  but 
it  seems  also  equally  clear  that,  where  a  great  elevation  is  to  be  sur- 
mounted, planes,  even  if  straight,  may  be  inconveniently  gentle,  because 
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they  ought  not  to  be  more  numerous  than  necessary,  and,  in  the 
language  of  Mr.  Sylvester,  "the  length  of  an  inclined  plane  ought 
never  to  be  such  as  will  prevent  a  person  from  seeing  the  whole  course 
of  it  from  top  to  bottom.*' 

The  undersigned  "will  now  j^roceed  to  examine  the  character  of  the 
planes  j^roposed  by  Colonel  Long  as  substitutes  for  those  to  which 
attention  has  been  drawn  above,  and  he  vnll  ijremise  that,  however 
objectionable  he  thinks  he  can  show  them  to  be,  he  deems  their  defects 
as  necessarily  resiilting  from  the  inapplicability  of  the  system  and  prin- 
ciples on  which  they  were  traced.  In  a  rugged  coiintry  like  that  over 
which  the  proposed  connection  is  contemplated,  inclined  planes  must 
be  located  on  the  slopes  and  spurs  of  mountains  often  intersected  with 
wide  and  deep  ravines.  It,  under  these  circumstances,  may  be  deemed 
next  to  impossible  to  trace  a  line,  descending  at  any  given  inclination, 
for  a  very  considerable  distance,  without  changing  its  direction:  and, 
therefore,  planes  of  gentle  inclination  must  necessarily  be  either  more 
numerous  than  would  be  advisable,  or  curved.  Satisfied,  from  his 
knowledge  of  the  country,  that  the  principles  adopted  and  limits  of 
inclination  preferred  by  Lieutenant-Colonel  Long  would  necessarily 
lead  to  this  dilemma,  and  believing  that  an  unnecessary  multiplication 
of  planes,  or  carved  planes,  were  evils  equally  to  be  deprecated  on  a 
line  of  railroad  as  important  as  the  one  contemplated,  the  undersigned 
was  induced  to  test  the  correctness  of  his  views  by  a  comparison  with 
those  of  two  other  gentlemen  distinguished  for  scientific  and  practical 
attainments  in  the  profession.  The  engineers  alluded  to  were  Mr.  John 
B.  Jervis,  Engineer  of  the  Carbondale  and  Albany  and  Schenectady 
Eaili-oads,  and  Horatio  Allen,  Esq.,  Engineer  of  the  Charleston  and 
Hamburg  Railroad,  who,  it  will  be  recollected,  was  deputed  to  England, 
by  the  Hudson  and  Delaware  Coal  Company,  to  obtain  information  in 
relation  to  railroads,  and  fixed  and  locomotive  machinery  generally. 
The  following  are  extracts  from  the  letters  of  these  gentlemen  in  reply 
to  his  inquiries: 

Mr.  Jervis  observes,  speaking  of  the  Carbondale  Railroad,  "our 
inclined  planes  are  all  straight.  I  should  deem  it  a  great  objection  to 
have  such  a  curve  as  would  prevent  the  men  from  seeing  the  operation 
from  end  to  end.  A  moderate  cur^e  may  be  admitted;  but  I  should 
want  a  strong  inducement  to  admit  any  essential  curving  on  a  plane 
that  had.  heavy  work  to  perform.     I  should  vary  the  inclination  very 
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mucli  before  I  would  curve  for  a  road  tliat  had  extensive  business,  or 
inciir  more  exjjense  in  construction." 

Mr.  Allen,  in  a  letter  of  the  22d  of  January,  says:  "I  would  decid- 
edly prefer  increasing  the  acclivity  very  considerably  before  I  should 
admit  a  change  of  direction  in  the  plane,  and  when  following  this  prin- 
ciple would  lead  to  extreme  cases  of  ascent,  I  think  I  should  increase 
the  number  of  planes  rather  than  introduce  curvatures.  The  sources 
of  derangement  and  accident  are  sufficiently  numerous  in  inclined 
l^lanes  without  adding  those  which  are  inseparable  from  curves." 

The  annexed  volume,  marked  P,  exhibits  protractions  of  the  planes 
traced  by  Colonel  Long,  and  proposed  by  him  as  substitutes  for  the 
straight  planes  which  have  been  the  subject  of  examination.  The 
undersigned  confesses  that  he  feels  some  reluctance  at  going  into  an 
argument  to  jirove  the  injudiciousuess  of  adopting  such  planes  on"such 
a  Avork  as  the  Allegheny  Portage.  He  has  no  hesitation  in  saying  that 
on  those  of  them  which  present  the  largest  amount  of  curved  line  an 
endless  rope  or  chain  (the  machinery  which,  except  under  particular 
circumstances,  should  be  preferred  on  a  plane  of  uniform  inclination), 
if  it  could  be  worked  at  all,  would  be  cut  to  pieces  almost  immediately ; 
and  he  thinks  it  would  not  be  difficult  to  show  that  the  waste  of  power, 
and  wear  and  tear  of  machinery  on  any  plan  of  working  which  might 
be  proposed,  would  be  immensely  increased. 

Colonel  Long  has  not,  however,  submitted  to  the  Board  of  Canal 
Commissioners  his  views  as  to  the  manner  of  transportation  on  the  pro- 
posed railroad,  and  his  estimate,  it  will  be  observed,  embraces  no  item 
for  machinery  of  any  kind.  The  undersigned  is,  therefore,  without  a 
fact  to  indicate  to  him  the  plan  of  working  which  Colonel  Long  pro- 
poses for  his  planes.  Under  these  circumstances,  he  begs  leave  to  sub- 
mit the  following  views  in  illustration  of  the  position  he  has  taken,  the 
force  of  which  he  thinks  will  be  appreciated  by  the  Board  and  admitted 
by  scientific  individuals  who  may  chance  to  peruse  them. 

The  plan  of  apiilying  stationary  power  on  planes  Avhich  is  attended 
with  the  least  friction  of  rope,  is  that  which  jjurposes  attaching  the 
load  to  the  end  of  the  rope  on  the  reciprocating  system.  Such  a  plan 
of  working  would  be  in  genei'al  unadvisable  on  planes  having  a  uniform 
angle  of  ascent,  because,  as  must  be  obvious,  the  engine  has,  on  this 
plan,  not  only  to  raise  its  load,  but  the  weight  of  the  rope  to  which  it  is 
attached,  and  which,  on  any  plan  of  endless  machinery,  would  be  coun- 
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terbalanced  In-  the  extension  of  the  rope  along  the  opposite  descending 
track.  The  increased  friction  of  ropes  by  curves  will,  however,  be  con- 
sidered on  the  plan  first  suggested,  because  on  that  plan  it  is  smallest. 

Now,  on  a  straight  i)lane  of  any  length  or  elevation,  the  friction  on 
the  rollers  is  evidently  in  proportion  to  the  weight  of  rope,  and  on  any 
one  roller  is  as  the  rope  resting  on  that  roller,  or  as  R. 

But  if  the  plane  be  curved,  then  the  stress  on  each  roller  is  made  up 
not  only  of  the  weight  of  the  rope,  but  of  the  resultant  of  two  forces, 
viz. ,  the  stress  of  the  load  (including  the  stress  and  friction  of  the  por- 
tion of  rope  below  the  roller),  and  at  least  an  ei^ual  force  required  to 
overcome  this  stress;  or  supposing 

s  =  the  stress  of  the  load  and  rope  l>elow  any  given  roller. 

Z)=the  distance  between  the  rollers  on  the  plane;  and 

r  =the  versed  sine  of  a  portion  of  the  arc  between  any  two  alternate 
rollers. 

ll'S 

Then  the  pressure  on  any  roller  on  a  curved  plane  P  =  i2  +  -jr 

Applying  this  formula,  and  selecting  from  "  Wood  on  Railroads,"  as 
the  subject  of  investigation,  the  plane  which  approximates  most  nearly 
to  the  standard  of  limitation  (3  degrees)  i^referred  by  Lieutenant- 
Colonel  Long,  we  have  a  straight  jjlane  2  325  feet  long,  with  a  rise  of 
115  feet,  on  which  a  rope  1\  inches  in  circumference  is  made  use  of  to 
raise  seven  loaded  carriages,  weighing  9  408  pounds  each.  The  rollers 
on  the  plane  api^ear  to  have  been  about  20  feet  apart. 

Now,  the  pressure  on  each  roller  of  the  above  plane,  or  the  quantity 
R  qi  the  above  formula,  would  be  simply  the  weight  of  20  pounds  of 
2i-inch  rope,  or  about  18  i^ounds. 

Let  us  suppose  a  plane  precisely  similar  to  the  above,  except  that  it 
should  be  curved  in  arcs  of  600  feet  radius.  Presuming  the  load  to  be 
precisely  what  it  is  stated  in  Wood. 

The  stress  on  the  rope,  comprising  both  the  gravity  and   friction 

of  the  load,  and  estimating  this  last  at   1  in  100,  in  consequence  of 

the  curvature  of   the  plane.,    would  be,  at   a  point  near  its   foot  = 

9  408  X  7  X  115  ,  9  408  X  7  „  „„^  ,  ,  ,,  ,  .  „  .„ 
o"qo^^ 1 Tnn —  ^^  ^  ^^ '  pounds;  and  the  versed  sme  of  40 

feet  in  length  of  an  arc  of  600  feet  radius  is  ^Vu  oi  a  foot.  Then,  sub- 
stituting the  symbols  in  the  above  formula,  we  should  have  for  the 

3  697  X   33  X  2 
stress  on  a  roller  at  the  foot  of  the  plane  18  + ~ =18  +  121 
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=  139  pounds.  Consequently  the  ratio  of  pressure,  or  of  friction,  on 
tlie  friction  rollers  or  sheaves  of  the  above  planes,  near  the  foot  of  the 
planes,  is  as  18  to  139,  or  as  1  to  7i'o. 

But  it  is  evident  that  the  j^ressure  on  each  roller,  commencing  at  the 
foot  and  advancing  to  the  head  of  a  plane,  between  the  foot  and  head 
of  a  curved  plane,  increases  rajiidly,  because  we  have  to  add  both  the 
stress  and  friction  of  rope  below  each  roller  to  the  stress  and  friction  of 
the  load  in  ascertaining  (the  resultant  which  gives  us)  the  pressure  on 
the  roller;  and  it  is  to  be  recollected  that  in  estimating  this  stress  and 
friction  we  are  to  estimate  for  a  rope  of  larger  dimensions  than  would 
be  required  on  a  straight  j^lane,  as  well  on  account  of  the  increased 
strain  of  the  rope  as  its  increased  wear  and  tear.  It  is  not,  then,  haz- 
arding too  much  to  say  that  the  increased  pressure  in  cases  above  sup- 
posed would  be  at  least  ten-fold  on  the  curved  plane. 

Now,  the  friction  of  rope  on  the  sheaves  of  a  plane  is,  of  course, 
proportionable  to  the  pressure,  and,  whilst  no  rule  can  be  laid  down  for 
determining  the  ratio  of  the  wear  and  tear  of  rope  to  the  friction  on  the 
sheaves  (because  a  part  of  this  wear  and  tear  is  experienced  at  the  rope 
rolls,  and  results  also  from  the  rigidity  of  cordage  and  strain  of  the 
load),  -we  know  that  it  depends  very  materially  on  it.  The  following 
considerations  show  that  we  ought  to  be  very  wary  of  increasing  (as  we 
should  in  a  formidable  ratio  by  curvatures  in  inclined  jjlanes)  a  charge 
on  transjjortation  under  any  circumstances  considerable. 

On  the  Liverjjool  and  Manchester  Bailroad,  Mr.  Booth,  in  his  late 
pamphlet  on  that  railroad,  observes  that  "  the  curves  seldom  exceed  a 
deviation  from  a  straight  line  of  more  than  4  inches  in  22  yards,  form- 
ing a  segment  of  a  circle  which,  if  extended,  would  embrace  a  circiam- 
ference  of  15  miles."  Nevertheless,  in  an  estimate  of  the  annual  cost 
of  transportation  on  that  road  by  stationary  power,  made  by  Messrs. 
Walker  and  Rasstrick,  in  1829,  the  annual  wear  and  tear  of  ropes  on  the 
roadway  is  estimated  by  the  former  gentleman  at  upwards  of  £11  000 
sterling,  or  one-third  of  the  whole  expense  of  transportation,  whilst  by 
the  last  named  engineer  the  whole  cost  of  transportation  was  estimated 
at  £33  317,  and  the  wear  and  tear  of  rojies  alone  at  £14  820,  a  sum 
nearly  equal  to  five-sixths  of  all  other  charges  on  transjiortation. 

On  the  Kainhill  and  Sutton  inclined  planes,  the  annual  expense  of 
ropes  alone  was  estimated  by  Mr.  Walker  at  £3  315,  or  at  twice  the 
amount  of  all  other  charges  on  transjiortation  on  those  jjlanes. 


ROBINSON    ON    THE    ALLEOTTENY    POKTAGE.  319 

In  our  owu  coiiiiti-y,  the  wear  and  tear  of  rope  has  heeu  found  by 
Mr.  Josiah  "White,  on  a  straight  plane,  to  be  equal  to  one  and  one-fifth 
cents  2)er  ton  in  descending  215  feet. 

To  these  statements  the  undersigned  begs  leave  to  add  the  following 
extract  from  the  report  of  a  deputation  of  the  engineers  of  the  Liver- 
pool and  Manchester  Railroad,  ajjijointed  to  visit  the  railroads  in  the 
North  of  England,  made  at  Liverpool,  October  22,  1828. 

"  From  Newcastle  the  dejiutation  Aveut  to  Sunderland,  and  visited 
that  end  of  the  Hetton  Railway  which  terminates  at  the  shipping  place 
on  the  River  Wear.  The  quantity  of  coal  brought  along  this  railway  was 
stated  to  be  from  12  to  1  500  tons.  The  rope^was  considerably  thicker 
than  on  Mr.  Thompson's  railway,  and  was  stated  by  one  of  the  engineers 
to  be  worn  out  in  4  or  5  months.  The  jjlane  next  the  shipping  place  is 
1  968  yards  long,  worked  l)y  a  forty-horse  engine.  The  curves  near  the 
port  are  very  abrupt,  and  must  necessarily  very  much  increase  the 
wear  and  tear  of  the  rope  on  that  pai*t  of  the  line." 

It  is  believed  to  be  unnecessary  to  expose  further  the  serious  evils 
which  would  arise  on  an  imjiortant  line  of  railroad  from  curvatures  in 
inclined  jjlanes,  to  the  extent  proposed  by  Lieut. -Colonel  Long. 

It  will  be  observed  that  the  undersigned  has  so  far  avoided  any  in- 
vestigation of  the  details  of  the  line  submitted  by  Colonel  Long.  He  is 
willing  to  presume,  if  the  outlines  of  his  jjlan  of  improvement  are  judi- 
cious, its  details  are  so  likewise.  One  of  the  suggestions  of  Colonel 
Long,  in  i^articular,  the  undersigned  has  certainly  no  objection  to.  This 
is  the  introduction  of  a  tunnel  at  one  of  the  bends  of  the  Conemaugh, 
by  which  the  length  of  a  line  along  the  valley  of  that  stream  may  be  re- 
duced something  more  than  a  mile.  He  will  unite  with  pleasure  with 
Colonel  Long  in  submitting  this  suggestion  to  the  careful  consideration 
of  the  engineer  who  may  execute  the  work,  believing  the  object  in  view 
ought  certainly  to  be  attained,  if  the  changes  in  the  line  necessary  to 
eifect  it  would  not  in  other  respects  impair  it,  and  if  it  can  be  eflfected 
without  introducing  a  curved  i)lane,  which  on  the  line  traced  by  Colonel 
Long  appears  to  result  from  it. 

Presuming  the  Conemaugh  tunnel  proposed  by  Colonel  Long  to  be 
incorporated  into  his  plan,  the  length  of  the  line  proposed  by  the  un- 
dersigned would  be  about  thirty-seven  miles,  instead  of  thirty-eight 
miles  and  fifty-three  poles,  as  stated  in  his  re})orfc  of  1829.  It  will  be 
observed  by  the  Canal  Commissioners  that  the  line  of  Lieut.  -Colonel 
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Long  is  stated  at  but  about  35{r  miles.  The  causes  of  this  apparent  dif- 
ference between  the  two  lines  (for  as  they  cross  at  the  same  summit,  and 
are  traced  along  the  same  valleys,  and  often  alongside  of  each  other, 
it  is  obvious  it  can  only  be  apparent),  the  Board  will  at  once  know  how 
to  account  for  by  recollecting: 

First. — That  the  length  of  the  line  traced  by  the  undersigned  in  1829 
is  computed  to  the  head  of  the  basin  at  Holliday sburgh ;  whereas  that 
of  Colonel  Long  is  terminated  at  the  Hollidaysburgh  bridge,  a  point 
about  three-eighths  of  a  mile  short  of  the  basin. 

Second. — The  line  of  Colonel  Long  has  been  traced  in  regular  curves 
and  tangents,  an  operation  which  always  results  in  a  reduction  of  dis- 
tance, but  which,  as  it  is  a  work  merely  of  routine,  and  one  of  labor  and 
expense,  the  undersigned  is  not  in  the  habit  of  performing  until  a  line  is 
definitely  determined  on,  and  a  work  about  to  be  executed. 

The  undersigned  ought  not  to  close  this  report  without  adverting  to 
the  difference  in  the  estimates  of  Colonel  Long  and  himself.  The  whole 
cost  of  the  line  surveyed  by  that  gentleman,  it  appears,  is  but  $611  700, 
whilst  that  of  the  undersigned,  including  the  tunnel  at  the  summit,  is 
S936  000.  The  commissioners  will  not  fail  to  remark  that  Colonel  Long 
has  made  no  estimate  for  steam  engines  or  machinery  of  any  kind;  that 
nothing  is  included  in  his  estimates  for  superintendence  or  contingen- 
cies; that  they  extend  only  to  a  point  near  the  Hollidaysburgh  bridge, 
and  that  they  do  not  include  the  lengths  of  railroad  which  must  be  made 
parallel  to  each  basin.  Passing  by  these  points,  to  which  the  undersigned 
respectfully  requests  the  attention  of  the  Board,  he  begs  leave  to  submit 
the  following  remarks  with  regard  to  the  aggregate  allowed  by  Colonel 
Long  for  roadway  formation. 

This  item  of  expense,  as  the  Board  well  know,  may  be  more  or  less; 
and  it  is  among  the  most  delicate  of  the  duties  of  an  engineer,  and  the 
one  which  requires  the  exercise  of  his  best  judgment  in  contemplating 
an  expenditure  for  this  purjjose,  to  have  constantly  in  view  the  objects 
to  be  effected  by  an  improvement.  If  the  trade  on  a  railroad  is  to  be  a 
small  one,  it  is  evidently  injudicious  to  exjiend  too  large  an  amount  for 
a  more  jserfect  accommodation  of  it.  If  it  is  to  be  a  large  trade,  then 
sound  economy  will  dictate  such  an  expenditure  in  preparing  the 
road  bed  as  will  give  to  the  jjower  employed  on  the  railroad  its  fullest 
useful  effect,  and  reduce,  of  course,  in  the  largest -practicable  propor- 
tion, the  expenses  of  transi^ortation. 
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Believing,  as  the  undersigned  did,  that  the  Allegheny  Portage  Rail- 
road would,  if  ijroperly  executed,  have  a  larger  trade  than  any  similar 
work  in  this  country,  he  did  not,  in  choosing  a  line,  select  that  which 
would  be  most  easily  formed  into  the  road-bed  of  a  railroad,  but  that 
which  seemed  to  him  to  possess  the  greatest  capabilities,  or  on  which  a 
railroad,  when  executed,  would  be  most  valuable.  He  felt  that  a  very 
small  reduction  on  the  charges  of  transportation  would  be  more  than 
equivalent  to  the  interest  of  a  large  additional  expenditure  in  first  cost, 
and  that  it  would  be  most  injudicious  economy,  for  the  sake  of  even  a 
considerable  saving  in  the  preparation  of  the  road-bed,  to  tax  forever  after- 
wards the  trade  on  the  road  unnecessarily.  He  confesses  he  should  have 
deemed  it  as  a  great  mistake  to  have  feared  a  liberal  expenditure  where 
the  object  to  be  efifected  by  it  was  so  important  as  to  incur  an  extrav- 
agant one  on  a  railroad  destined  for  the  accommodation  of  a  small 
traffic. 

The  whole  cost  of  roadway  formation  for  the  Allegheny  Portage  "Rail- 
road, according  to  the  line  and  estimate  of  Lieut. -Colonel  Long,  will,  it 
appears,  be  "one  hundred  and  eighty-two  thousand  one  hundred  and 
seven  dollars  and  eighty  cents,  which  gives  for  the  average  expense  per 
mile,  inclusive  of  a  tunnel,  one  thousand  feet  long,  five  thousand  and 
eighty-six  dollars  and  fifty-nine  cents." 

The  undersigned  would  respectfully  submit  a  single  fact  to  the  Board. 

He  is  executing  in  the  anthracite  district  of  this  State,  a  railroad  along 
the  valley  of  a  stream  (the  Little  Schuylkill)  highly  favorable  to  a  work 
of  the  best  description.  As  the  object  of  the  improvement  was  a  special 
one  (the  accommodation  of  a  coal  trade),  it  will  be  conceived  that,  though 
it  was  deemed  advisable  to  execute  the  work  in  a  substantial  manner,  no 
lannecessary  expenditure  would  be  incurred  on  it.  The  cost  of  the  road- 
way of  this  railroad  (20i  miles),  executed  under  uncommonly  favorable 
circumstances,  exclusive  of  the  wood-work  of  bridges,  will  be  about  one 
hundred  and  five  thousand  dollars,  or  a  larger  average  per  mile  than  is 
alloweel  by  Colonel  Long  for  the  roadway  formation  of  a  railroad,  includ- 
ing bridges,  which  is  to  cross  the  Allegheny  Mountain. 

The  undersigned  would  remark,  in  closing  this  report,  that  in  accept- 
ing the  apijointment  which  the  Board  did  him  the  honor  to  confer  on 
him,  he  felt  scarcely  disposed  to  believe  that  any  facts  or  views  which 
might  be  develoi^ed  on  farther  examination  would  induce  a  change  of 
the  opinions  expressed  in  his  rei)ort  of  the  21st  of  November,  1829.     He 
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sliould,  indeed,  have  performed  his  duty  to  the  Board  but  indifferently, 
and  should  have  deserved  very  little  their  confidence,  had  his  j^lans  been 
formed  on  such  slight  data  as  to  induce  a  belief  that  they  would  be  ma- 
terially changed  on  further  examinations  of  himself  or  of  others.  He  was 
happy,  however,  to  meet  the  wishes  of  the  Board,  and  to  have  an  oppor- 
tunity of  considering  any  suggestions  on  the  part  of  the  gentlemen  with 
whom  he  was  associated,  and  he  has  no  doubt  the  Canal  Commissioners 
Avill  do  him  the  justice  to  believe  that  if  any  other  plan  for  crossing  the 
Allegheny  had,  on  reflection,  appeared  to  him  preferable  to  that  sub- 
mitted by  him  in  1829,  he  would  have  had  the  candor  to  acknowledge  it. 

He  regrets  that  the  oj^inions  of  Lieut.'-Colonel  Long  and  himself 
differ  so  widely.  That  gentleman  has,  however,  believed  it  his  duty  to 
offer,  as  a  substitute  for  the  line  surveyed  in  1829,  one,  the  merits  of  which 
the  undersigned  has  certainly  not  perceived.  He  has  had,  under  these 
circumstances,  no  alternative  but  to  present  the  above  investigation. 
This  duty  to  the  Board  and  to  himself  being  performed,  the  undersigned 
now  takes  leave  of  the  subject. 

All  which  is  respectfully  submitted. 

MoNcuRE  Robinson, 

Civil  Engineer. 

Philadelphia,  March  5,  1831. 
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DISCUSSION   ON 

THE   SOUTH  PASS  JETTIES.— TEN  YEARS'  PRAC- 
TICAL TEACHINGS  IN  RIVER  AND 
HARBOR  HYDRAULICS.* 


Discussion  by  Col.  W.  E.  MERRiLii,  D.  J.  Whittemore,  Gen.  C.  B. 
CoMSTOCK,  A.  P.  Boller,  Capt.  J.  C.  Post,  E.  P.  North,  E.  E. 
McMath,  a.  C.  Savage,  O.  Chanute,  Capt.  W.  H.  Bixby,  J.  F. 
LeBaron,  Gen.  Q.  A.  GrLLMORE,  E.  L.  Corthell  ajstd  James  B. 
Eads. 

Col.  William  E.  Merrill,  M.  Am.  Soc.  C.  E. — The  paper  on  the 
South  Pass  Jetties,  by  Mr.  E,  L.  Corthell,  M.  Am.  Soc.  C.  E.,  is  a 
valuable  and  interesting  one,  but  there  are  some  errors  in  it  which  are 
worth  noting,  and  it  contains  certain  suggestions  that  should  not  be 
l^ermitted  to  pass  without  comment. 

The  South  Pass  Jetties  have  given  an  excellent  mouth  to  the  Mis- 
sissippi River,  and  their  success  has  been  such  as  to  warrant  the  United 
States  in  paying  for  them  a  large  bonus  over  the  cost  of  construction; 
but  it  should  not  be  forgotten  that  the  engineer  who  built  them  con. 
traeted  with  Congress  to  give  a  dej^th  of  30  feet  for  a  width  of  350  feet 
for  a  total  sum  of  $7  250  000,  on  the  principle,  widely  advertised,  of  "no 
cure,  no  pay,"  and  failed  to  secure  the  depth.     As  a  matter  of  fact,  he 

*  The  South  Pass  Jetties.— Ten  Years'  Practical  Teachings  in  River  and  Harbor 
Hydraulics.  By  E.  L  Corthell,  M.  Am.  Soc.  C.  E.  Transactions  Am.  Soc.  C.  E.,  No.  290,. 
Vol.  XIII,  October,  1884. 
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only  earned  under  his  contract  the  first  three  installments  of  half  a 
million  each,  with  a  quarter  of  a  million  for  maintenance,  making  in  all 
only  $1  750  000.  The  fourth  installment  of  half  a  million  was  not  pay- 
able until  a  channel  had  been  secured  having  a  depth  of  26  feet  with  a 
width  of  300  feet,  and  no  such  channel  has  even  yet  been  secured.  In 
order  to  be  sure  of  the  exact  facts  in  the  case,  I,  to-day  (January  21st, 
1885)  telegraphed  to  the  inspecting  officer  to  know  the  exact  width  of 
the  26  foot  channel,  and  have  just  received  the  reply  that  it  is  210  feet 
wide. 

In  March,  1879,  Mr.  Eads  procured  the  passage  of  an  Act  of  Con- 
gress reducing  the  required  width  of  the  26-foot  channel  from  300  to 
200  feet,  abolishing  the  clauses  requiring  the  28-foot  and  30-foot  chan- 
nels, and  redistributing  the  payments,  so  that  he  should  receive  the 
same  sum  ($7  250  000)  for  the  26-foot  channel  as  he  was  to  have  received 
for  the  30-foot  channel.  It  is  true  that  a  provision  was  inserted  requiring 
a  central  depth  of  30  feet  regardless  of  Avidth,  but  this  clause  added 
nothing  to  his  obligations,  as  it  was  hardly  possible  to  secure  the 
required  depth  of  26  feet  over  a  width  of  200  feet  without  having  a 
central  depth  at  least  4  feet  greater.  His  original  contract  for  a  channel 
30  feet  deep,  with  a  width  of  350  feet,  would  iDrobably  have  carried  with 
it  a  central  depth  of  35  feet. 

I  mention  these  facts  not  in  the  way  of  criticism,  or  personal  allusion, 
but  merely  to  show  the  great  difficulty  of  making  results  tally  with  predic- 
tions when  dealing  with  large  bodies  of  water  in  motion,  and  to  show  that 
iron-clad  contracts  Avith  the  Government  can  sometimes  be  set  aside. 
In  my  judgment  there  was  much  more  engineering  skill  and  fertility 
of  resource  shown  in  the  work  at  the  head  of  the  South  Pass  than  at 
the  jetties  themselves.  There  were  abundant  precedents  for  the  latter, 
but  none  that  I  know  of  for  the  former. 

The  lessons  which  Mr.  Corthell  draws  are  nine  in  number,  and  on 
them  I  would  like  to  make  a  few  comments. 

In  his  condemnation  of  the  "outlet"  theory,  as  applied  to  the  Mis- 
sissippi River,  I  fully  agree,  but  my  acquaintance  comes  from  a  study  of 
the  river  above  New  Orleans,  and  I  do  not  see  that  experience  at  the 
jetties  has  any  particular  bearing  on  the  subject.  No  engineer  has  ever 
disputed  the  fact  that  by  contracting  a  stream  you  can  deepen  it ;  in 
fact  it  is  an  elementary  isrinciple,  and  it  has  been  applied  on  the  Ohio 
River  with  moderate  success  since  1825.  I  say  "  moderate  "  success, 
b)ecause  local  deepening  is  often  followed  either  by  the  formation  of  a 
new  bar  below  the  contraction,  or  by  a  decrease  of  depth  on  the  bar 
next  above. 

I  do  not  think  that  the  criticisms  on  the  work  at  Galveston  and  at 
Charleston  are  justified  by  the  facts.  In  building  jetties  upon  movable 
sands  the  lower  courses  must  necessarily  be  built  first,  and  from  the 
nature   of  their  construction   they   can   subsequently  be   widened   or 
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heightened  as  occasion  may  demautl,  without  making  the  ultimate  cost 
of  the  jetty  materially  greater  than  if  the  intention  to  build  it  above  the 
sea  level  had  been  i^roclaimed  from  the  beginning.  Nothing  has  been 
done  at  either  locality,  except  what  would  have  had  to  be  done  in  any 
event. 

It  seems  to  me  that  a  wise  and  prudent  engineer,  dealing  with  such  a 
difficult  problem  as  the  improvement  of  a  harbor  on  a  sandy  shore, 
would  proceed  cautiously,  feeling  his  way  by  degrees,  prejDared  to  change 
his  plans  whenever  their  effect  seemed  unfavorable.  I  am  disposed  to 
believe  that,  as  a  rule,  jetties  should  be  above  the  level  of  the  sea,  as 
they  are  at  Ymuiden,  the  mouth  of  the  Maas,  Port  Said,  and  many  other 
localities;  but  in  spite  of  this  belief  I  should  certainly  try  first  to  build 
two  submerged  jetties,  and  see  how  they  worked,  because  it  is  quite 
possible  that  one  or  the  other  might  require  removal.  It  is  also  possible 
that,  in  some  localities,  submerged  jetties  may  answer  every  purpose,  at 
a  great  saving  in  cost;  in  other  places  jetties  above  water  may  confine 
storm  tides  too  much,  and  may  cause  too  violent  an  action  within  the 
jetties,  and  create  a  shoal  bar  in  the  open  sea  beyond  them.  To  illus- 
trate the  necessity  of  making  haste  slowly,  and  the  difiicult  nature  of  the 
general  problem,  I  would  refer  to  the  sandy  harbors  along  the  northeast 
coast  of  France  and  the  north  coast  of  Belgitim,  where  jetties  have 
proved  a  practical  failure,  even  with  the  aid  of  large  flushing  basins  and 
high  tides. 

In  spite  of  the  large  experience  of  the  French  and  Belgian  engineers 
with  this  class  of  harbors,  the  King  of  the  Belgians  a  few  years  ago 
ofiered  a  large  prize,  open  to  the  engineers  of  all  nations,  for  the  best 
essay  on  harbors  on  sandy  coasts ;  the  result  of  the  competition  I  have 
not  learned,  but  it  is  clear  that  the  engineers  who  have  had  most  experi- 
ence with  these  harbors  consider  the  problem  a  very  difficult  one.  The 
faihire  at  the  mouth  of  the  Maas  is  a  sufficient  proof  that  it  is  not  always 
possible  to  predict  the  results  of  jetties  on  sandy  shores,  even  though  a 
large  river  flows  out  between  them. 

In  reply  to  the  criticisms  on  Galveston  Harbor,  contained  on  page 
326,  I  will  submit  the  following  statement  from  Col.  Mansfield,  the 
engineer  in  charge,  to  whom  I  forwarded  Mr.  Corthell's  article,  with  the 
request  that  he  would  send  me  a  reply. 

Col.  Mansfield  quotes  the  paragraph  beginning  on  the  third  line  of 
page  326,  and  replies  as  follows: 

"  This  budget  of  errors,  and  the  errors  following,  as  regards  results, 
may  be  best  answered  by  giving  a  brief  account  of  the  work  at  Galves- 
ton, so  far  as  executed,  Avith  accompanying  results,  and  stating  what  is 
intended  to  be  done  in  the  line  of  further  improvement. 

"I  will,  right  here,  call  attention  to  a  most  important  consideration, 
which  seems  to  be  entirely  overlooked,  viz.,  the  condition  of  the  two 
problems — the  one,  the  removal  of  a  bar  formed  by  the  detritus  from  a 


236  DISCUSSION    ON  THE    SOUTH   PASS   JETTIES. 

great  river,  where  immediately  beyond  the  crest  of  the  bar  and  the  jetty 
heads  is  the  deep  water  of  the  Gulf,  ready  to  receive  the  material  brought 
down  by  the  current  and  scoured  from  the  bar,  where  it  can  no  longer 
obstruct  navigation — the  other,  the  removal  of  a  bar  formed  by  sand 
drifted  along  the  coast  and  heaped  up  by  the  sea  at  the  entrance  to  a 
bay  into  which  no  rivers  of  any  size  enter. 

"There  is  no  parallelism  in  the  case  of  the  South  Pass,  Mississippi 
Kiver  and  Galveston  Bar.  The  jiroblems  being  so  entirely  dissimilar, 
they  must  be  treated  separately,  and  upon  a  careful  study  of  all  the 
conditions  surrounding  each.  A  treatment  that  would  solve  the  one 
might  not  solve  the  other. 

"  Galveston  Bay  has  an  area  of  451  square  miles,  forming  an  immense 
reservoir,  whose  surface  is  known  to  have  been  raised  to  a  height  of  10 
feet  in  a  great  storm,  and  not  infrequently  raised  3,  4,  5,  and  even  6  feet 
by  easterly  winds,  though  the  average  range  of  tides  is  but  1  iV  feet. 
The  discharge  of  accumulated  waters  of  the  bay  under  oflf-shore  winds 
which  usually  follow  easterly  blows,  creates  strong  currents  through 
the  gorge,  maintaining  here  40  feet  of  water;  and  the  momentum  of  dis- 
charge is  sufficient  to  excavate  and  maintain  a  channel  of  30  feet  to  a  dis- 
tance of  over  a  mile,  25  feet  a  distance  of  2  miles,  and  20  feet  over  3  miles 
out  from  the  gorge. 

"The crest  of  the  bar  is  about  4  miles  oiit,  and  the  distance  across 
from  18'  to  18'  is  about  1|-  miles,  and  beyond  the  exterior  18'  curve  the 
bottom  of  the  Gulf  deepens  at  the  rate  of  about  1  fathom  to  the  mile. 

"  Beside  the  oiiter  bar  obstructing  the  entrance  to  the  bay,  there 
was  an  inner  bar  obstructing  the  entrance  to  Galveston  Channel,  along 
which  the  wharves  are  located. 

"  Upon  this  inner  bar  there  is  now  26  feet  of  water  at  low  tide,  where 
formerly  there  was  but  about  9  feet,  and  the  depth  of  water  over  the 
outer  bar  has  been  improved,  so  that  navigation  has  been  benefited  to 
the  extent  of  about  2  feet,  and  this  has  been  accomijlished  by  the  Gov- 
ernment works,  which  consist  of  an  incomplete  jetty,  running  from 
Fort  Point  out  to  the  crest  of  the  bar,  a  distance  of  4i  miles. 

"The  project  contemijlates  the  raising  of  this  work  to  a  greater 
height,  if  necessary,  aiifd  the  construction  of  a  jetty  on  the  north  side,, 
the  jjosition  of  which  is  yet  to  be  determined. 

"Previous  to  my  taking  charge,  in  1880,  Major  Howell  had  expended 
$527  000,  and  secured  as  a  result  20  feet  of  water  on  the  inner  bar.  I 
have  expended  since,  in  the  construction  of  the  jetty,  $975  000. 

"This  structure  is  a  most  substantial  one,  and  is  not  likely  to  dete- 
riorate much;  that  it  has  been  an  economical  one,  the  records  will 
plainly  show. 

"Should  it  be  necessary  to  raise  this  jetty  above  high  water  mark,  it 
can  be  done  for  less  than  $1  000  000,  while  the  jetty  itjdou  the  other 
side,  equally  high,  may  be  built  for  less  than  $2  000  000. 
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*'  My  oijinion  is  that  it  will  not  be  necessary  to  raise  the  jetties  to  a 
height  above  overflow;  to  be  sure,  the  greatest  effect  will  be  produced 
thereby,  bnt  the  question,  if  any,  is,  will  it  be  necessary  in  order  to  secure 
the  required  depth  of  channel  ?  I  think  not,  nor  will  it  be  necessary  to 
raise  the  jetties  so  high  in  order  to  guard  the  channel  against  filling 
from  wave  action.     Let  me  give  you  my  experience: 

"At  Aransas  Pass  Bar,  my  jetty,  nearly  a  mile  in  length,  originally 
brought  near  to  the  water  surface  at  mean  low  tide,  but  since  compressed 
so  that  there  was  an  average  of  more  than  4  feet  over  its  entire  length, 
caused  a  channel  to  cut  where  desired  through  the  bar,  11  feet  deep,  where 
there  was  but  4^  feet  before;  and  this  channel  has  been  maintained  a  long 
time  and  is  improving.     I  am  now  raising  this  jetty  above  overflow. 

"Here  is  a  single  jetty,  not  on  the  side  whence  the  drift  comes,  but 
on  the  other  side,  and  nothing  in  the  way  of  a  jetty  to  prevent  the  whole 
drift  of  sand  along  the  coast  from  coming  into  the  channel. 

"  No  two  rivers  or  harbors  are  precisely  alike,  and  to  lay  down  in 
advance  a  law  that  shall  be  rigidly  applied  to  all  alike,  without  regard 
to  the  varying  circumstances,  would  be  the  height  of  absurdity." 

The  statement  of  Mr.  Corthell,  that  there  is  to  be  2i  miles  between 
the  jetties,  is  positively  denied  by  the  Chief  of  Engineers  and  by  the 
Eesident  Engineer,  both  of  whom  state  that  the  north  jetty  has  not  yet 
been  located.  Mr.  Corthell  asserts  that  "  lateral  outlets  were  left  near 
the  land,  ostensibly  to  let  the  tide  into  the  bay,"  and  he  vigorously  con- 
demns this  method  of  construction.  I  agree  with  him,  but  I  can  find 
no  authority  for  the  existence  of  these  outlets ;  nothing  of  the  kind 
appears  in  the  last  official  map  of  Galveston  Harbor.  There  is  a  low 
place  in  the  jetty,  about  3  miles  from  the  shore,  but  this  is  nowhere 
"near  the  land,"  and  it  appears  to  be  merely  a  place  where  the  work  is 
incomplete.  The  maja  shows  that  the  shore-end  of  the  jetty,  for  at 
least  a  mile  from  shore,  is  above  the  water  surface. 

The  total  expenditures  made  by  U.  S.  Engineers  on  the  improvement 
of  the  outer  bar  at  Galveston  is  a  little  less  than  $1  000  000.  This  is  just 
^  of  the  sum  that  Mr.  Eads  asks  Congress  to  appropriate  in  a  lump  for 
his  project.  I  would  like  to  ask  the  author  of  the  paper  if  he  or  any 
one  else  could  have  done  any  more  with  the  ^um  allowed  by  Congress 
than  Col.  Mansfield  has  done,  and  how  he  or  any  one  else  could  have 
completed  an  ^8  000  000  job  for  Si  000  000.  It  is  understood  that  Mr. 
Eads  proposes  to  build  a  pair  of  jetties  just  as  the  Government  engineers 
propose.  With  an  S8  000  000  appropriation  he  can  undoubtedly  work 
much  faster  than  a  Government  officer  with  .^200  000  a  year,  but  the 
nature  of  the  jiroblem  is  such,  that  in  any  event  he  must  do  about  the 
same  amount  of  work  in  pretty  much  the  same  way.  The  only  possible 
variation  is  in  the  location  and  length  of  the  jetties,  and  as  his  location 
has  not  been  divulged,  it  cannot  be  criticised.  Experience  gained  in 
building  the  existing  south  jetty  shows  that  it  can  be  raised  above  water 
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level  for  $1  000  000  more.  The  north  jetty  can  be  built  at  the  same  cost 
as  the  south  jetty,  and  the  entire  improveroent  can  be  completed  for 
S3  000  000.  Why,  then,  should  the  United  States  give  any  one  a  bonus 
of  $4:  000  000  for  doing  what  can  be  done  just  as  well  by  its  own  officers 
at  cost,  and  without  any  bonus  at  all '? 

If  the  United  States  is  not  satisfied  to  use  its  own  officers  to  do  this 
work,  then  I  submit  that  the  matter  should  be  thrown  open  to  public 
competition,  and  all  members  of  the  American  Society  of  Civil  Engineers 
should  have  an  opportunity  to  submit  proposals.  It  is  more  than 
probable  that  competent  engineers  and  contractors  can  be  found  who 
will  guarantee  26  feet  of  water  for  a  much  less  profit  than  $4  000  000. 
Congress  has  passed  laws  requiring  that  contracts  be  given  to  the  lowest 
bidder,  and  yet  we  find  that  Congress  itself  is  seriously  discussing  the 
question  of  selecting  one  man  out  of  the  whole  nation,  and  giving  him, 
without  competition,  an  enormous  contract,  at  more  than  double  the 
estimated  cost  of  the  work. 

The  practical  effect  of  such  a  contract  is  to  make  an  immediate  appro- 
priation of  nearly  .^8  000  000  for  the  improvement  of  Galveston  Harbor. 
Had  less  than  half  this  sum  been  approjDriated  when  work  on  the  outer 
bar  began,  the  work  would  now  be  completed.  Mr.  Corthell's  statement 
that  $1  500  000  have  already  been  exijended  on  Galveston  bar  (meaning 
the  outer  bar)  is  incorrect,  a  very  large  amount  having  been  expended 
on  the  inner  bar,  a  very  necessary  work,  but  wholly  disconnected  with  the 
outer  bar.  The  exact  expenditure  on  the  south  jetty  has  been  $975  000, 
or  less  than  %1  000  000. 

The  final  lesson  that  Mr.  Corthell  enunciates  is,  that  civil  engineering 
work  should  be  in  the  hands  of  civil  engineers.  He  seems  to  forget  that 
United  States  military  engineers  are  thoroughly  educated  as  civil  en- 
gineers, and  that  in  many  particulars  experience  in  the  two  branches  is 
identical.  Moreover,  all  the  older  army  officers  have  had  years  of  experience 
as  civil  engineers,  and  it  is  as  civil  engineers  that  they  are  admitted  into 
the  American  Society  of  Civil  Engineers.  He  makes  a  plea  that  "the 
doors  be  thrown  open  freely  to  all  engineers  fitted  by  education  and 
experience  for  the  service  required  ; "  to  this  I  make  no  objection.  If 
Congress  should  choose  to  select  Mr.  Eads  as  the  engineer  of  the  works 
at  Galveston  harbor,  I  should  not  raise  a  word  of  protest,  for  I  have  as 
high  an  appreciation  as  any  one  of  his  genius  as  an  engineer  ;  but  when 
he  comes  forward  as  a  contractor,  in  such  a  contract,  the  matter  stands- 
on  a  different  footing,  and  I  feel  it  my  duty  to  point  out  the  objec- 
tions. 

In  conclusion,  I  would  call  Mr.  Corthell's  attention  to  his  error  in 
asserting  that  in  no  other  country  are  military  engineers  employed  on 
civil  works.  Great  Britain  makes  exactly  the  same  use  of  her  military 
engineers  as  does  the  United  States. 
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D.  J.  Whittemore,  M.  Am.  Soc.  C.  E. — Not  being  personally  familiar 
with  the  iJiirelv  engineering  matter  treated  in  Col.  Merrill's  criticism  of 
Mr.  Corthell's  pajaer,  I  offer  no  opinion  relating  thereto.  In  regard  to 
the  final  lesson  drawn  bv  Mr.  Cortliell,  to  which  Col.  Merrill  refers, 
some  remarks  by  me  may  be  i>roper. 

Our  national  works  of  a  civil  character  have,  through  wise,  and  some- 
times unwise,  Congressional  legislation,  reached  proportions  of  great 
magnitude,  and  there  can  be  no  question  that  the  charge  of  these 
works  should  be  in  the  hands  of  the  best  engineering  talent  that  our 
country  affords.  It  also  must  be  admitted  that  this  civil  work  should 
be  in  charge  of  men  educated  as  civil  engineers.  It  is  also  true  that  the 
engineer-officers  of  the  army  are  educated  not  only  as  military  engineers, 
but  also  in  all  the  branches  pertaining  to  civil  engineering — indeed 
some  of  our  ablest  engineers  have  been  and  are  graduates  of  West  Point — 
and  it  is  quite  natural  that  our  Government  should  select,  from  among 
its  agents  having  scientific  culture  particularly  fitting  them  for  the 
duties  referred  to,  the  engineer-officers  of  the  army.  While  I  believe 
our  Government  has  generally  acted  most  wisely  in  these  appointments, 
I  still  believe  that  in  the  near  future  the  civil  work  of  this  nature  should 
be  in  charge  of  national  civil  engineers,  holding  their  positions  separate 
and  distinct  from  the  military  dejiartment.  To  the  accomiilishment  of 
this  end  it  is  my  opinion  that  there  should  be  established  a  national 
l)olytechnic  school  for  the  education  of  civil  engineers  for  the  civil 
serA-ice,  separate  and  distinct  from  the  military  dejmrtment,  and  that 
all  so  educated  should  be  as  completely  enrolled  in  the  service  of  the 
Government  as  are  the  officers  of  our  army,  and  that  all  thus  enrolled 
should  be  subject  to  the  rules  of  a  just  and  strict  civil  service.  At  the 
same  time  it  should  be  i^ossible  that  any  of  those  members  of  our  pro- 
fession educated  elsewhere,  who  from  an  examination  before  a  projier 
commission  could  show  competency,  might  enlist  in  said  service  on  an 
equal  footing  with  others  educated  at  the  national  school.  In  this  way 
it  might  be  hoped  that  our  civil  service  in  matters  relating  to  engineer- 
ing would  at  least  excel  that  of  England  in  India,  and  approach,  if  not 
equal,  that  of  France.  It  should  be  such  a  service  as  would  be  attract- 
ive to  our  al)lest  men,  not  only  in  civil  life,  but  to  military  engineers, 
who  from  past  service,  experience  and  inclination,  might  prefer  such  a 
service. 

Throwing  the  doors  wide  open  for  the  emi)loyment  of  civil  engineers 
in  this  branch  of  Government  service,  without  the  safeguaj-d  of  strict 
civil  service  rules,  would  be  fraught  with  great  danger  to  the  honor  of 
our  profession.  Political  influence  would  too  often  govern  appoint- 
ments. Rather  than  have  unworthy  and  also  perhaps  worthy  members 
of  our  calUng  striving  for  official  preferment  through  political  engineer- 
ing, it  would  be  much  better  that  the  work  remain  in  the  charge  of  the 
engineer  officers  of  the  army. 
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Gen.  C.  B.  Comstock,  M.  Am.  Soc.  C.  E.— The  paper  of  Mr.  Cortliell 
'on  the  South  Pass  Jetties  contains  much  interesting  information.  It, 
however,  draws  some  rigid  conclusions  from  his  experience  there,  that 
he  apparently  would  aj^i^ly  to  jetties  between  which  there  is  no  large 
fresh-water  flow;  conclusions  in  which  engineers  who  have  experience 
in  such  works  will  scarcely  concur.  For  instance,  after  speaking  of  the 
full  volume  of  tides,  he  concludes  that  "jetties  to  be  of  the  greatest 
effect,  should  be  brought  above  the  surface  of  the  water  at  flood  tides." 
It  is  stated  that  this  is  also  necessary  to  prevent  sand  from  washing 
over  the  works,  and  that  "  experience  shows  this  to  be  absohitely  neces- 
sary to  preserve  the  channel." 

Where  the  water  of  a  river  like  the  Mississippi,  at  its  mouth,  is  at 
hand  for  use  in  securing  a  channel  between  such  jetties,  the  work  of 
improvement  is  a  relatively  simple  one,  namely,  to  contract  the  river 
enough  to  scour  the  depths  required. 

No  advantages,  save  those  of  economy,  result  from  keeping  the  jetties 
low.  But  when  the  scour  results  from  the  action  of  tides  or  winds, 
other  and  more  complicated  elements  enter.  The  scour  arises  entirely 
from  the  filling  and  emptying  of  an  interior  area,  and  the  inflow  equals 
the  outflow.  To  jiut  in  works  which  will  seriously  interfere  with  the 
filling  of  the  interior  basin,  is  to  destroy  the  very  agent  on  which  one 
dejiends  for  scour. 

When  these  high  jetties  would  produce  such  a  result,  their  use  is  in- 
admissible. They  might  also  be  inadmissible  if  they  produced  too  great 
an  advance  of  the  shore  line. 

The  more  knowledge  one  has  of  the  improvement  of  tidal  entrances, 
the  less  confidence  does  he  feel  in  positive  predictions  as  to  the  results 
l^rojected  works  will  accomplish.  Where  it  is  i^racticaljle  to  feel  his 
way,  determining  as  far  as  possible  from  experience  on  the  spot  the  best 
height  to  which  jetties  should  be  raised  in  order  to  obtain  the  desired 
channel,  to  avoid  diminution  of  the  interior  tidal  prism,  in  narrow 
channels  to  give  water  still  enough  for  navigation,  and  to  i^revent  large 
and  injurious  motion  of  sand  over  the  jetties  into  the  cliannel,  the  skill- 
ful engineer  will  lie  glad  to  do  so,  rather  than  to  tie  himself  to  a  precon- 
ceived plan  and  to  rigidly  carry  it  out,  neglecting  the  lessons  the  work 
itself  teaches. 

At  the  mouth  of  the  Adour  the  jetties  are  of  open  work  to  permit  the 
motion  of  the  sand  into  the  channel,  instead  of  accumulating  it  against 
the  outside  of  the  jetty  and  advancing  the  shore  line;  at  Calais  and 
Boulogne  the  solid  jetty  is  kept  much  below  high  water  for  the  same 
reason;  at  the  mouth  of  the  Maas  the  jetties  are  kept  below  high  water; 
and  the  training  walls  which  have  so  much  improved  the  lower  Seine, 
are  kept,  in  its  estuary,  nearer  low  than  high  water.  The  height  of  jet- 
ties must  then  depend  on  the  place. 

Each  bar  has  its  own  peculiarities,  and  the  engineer  who  attemj^ts  to 
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apply  a  cast-iron  rule  to  them  all  will  fail.  Sir  John  Hawkshaw,  a  high 
authority  on  harbors,  says  there  is  "nothing  more  certain  than  that 
each  one  must  be  dealt  with  according  to  its  own  special  rer//??ie." 

The  writer  also  concludes  "that  properly  designed  jetties  with  a 
deep  channel  and  strong  outflowing  current  will  not  only  not  accelerate 
the  advance  of  bars,  but  will  greatly  retard  their  growth." 

Before  the  construction  of  the  South  Pass  Jetties,  the  shore  line 
was  advancing  at  the  rate  of  about  100  feet  a  year.  About  the  same 
amount  of  sediment  is  still  going  out  in  each  year  to  be  dropped  beyond 
the  ends  of  the  jetties.  The  water  issuing  from  the  jetties  with 
higher  velocity,  carries  some  of  the  sediment  farther  out  than  before, 
resulting  in  a  slower  advance  of  the  shoal  contours,  and  a  more  rapid 
advance  of  those  in  deep  water.  Thus  in  eight  years  the  20-foot  curve 
in  front  of  the  jetties  has  advanced  344  and  the  90-foot  curve  1  018  feet. 

Captain  Turtle's  report  in  the  Report  of  the  Chief  of  Engineers,  1884, 
shows  that  for  a  trapezoidal  area  of  H  square  miles,  whose  bases  are 
perpendicular  to  the  prolongation  of  the  jetties,  one  base  being  400  feet 
in  front  of  the  jetty  ends  and  3  500  feet  long,  the  other  5  600  feet  in 
front  of  the  jetties  and  9  700  feet  long,  the  mean  depth  in  June,  1884, 
was  52.9  feet;  that  the  mean  fill  since  1876  had  been  8.29  feet;  and  that 
the  mean  fill  from  1883  to  1884  was  3.61  feet.  In  other  w^ords,  the 
average  fill  per  annum  of  1 .  03  feet  over  this  area  increased  last  year  to 
3 .  61  feet.  If  of  this  trapezoid,  a  narrow  strip  1  000  feet  wide,  lying  in 
the  prolongation  of  the  jetties  be  taken,  its  length  will  be  5  200  feet. 
For  its  center  portion,  having  an  average  depth  of  57  feet,  the  average 
shoaling  for  the  year  1883-84  was  2.7  feet;  for  its  middle  portion,  having 
an  average  depth  of  43.5  feet,  the  average  shoaling  for  1883-84  was  4.5 
feet;  in  its  inner  portion,  having  an  average  depth  of  26.5  feet,  the  aver- 
age shoaling  for  1883-84  was  5 . 5  feet.  A  part  of  the  great  increase  in 
shoaling  in  1883-84  over  that  of  preceding  years,  may  be  due  to  the  rapid 
fall  of  the  river  in  June,  1884. 

In  eight  years  the  average  mean  annual  advance  of  curves  of  equal 
depth  lying  in  front  of  the  jetties — the  curves  considered  being  those  of 
10  feet  apart  in  depths  from  30  to  100  feet  inclusive — had  been  between 
70  feet  as  a  minimum  and  126  feet  as  a  maximum. 

The  Government  Board  of  Engineers  which  first  made  a  plan  for  the 
improvement  of  the  South  Pass  (see  Report  of  the  Chief  of  Engineers, 
1875,  Part  1,  page  945),  found  the  average  annual  advance  of  the  shore 
line  to  be  then  100  feet  per  annum.  The  figures  just  given  show  about  the 
same  rate  of  bar  advance  as  before  the  work  was  done,  and  give  no 
supi^ort  to  the  T)elief  that  jetties  will  greatly  retard  the  permanent  ad- 
vance of  sedimentary  l)ars,  nor  to  the  belief  that  the  jetties  without 
prolongation  will  maintain  a  30-foot  channel  to  the  sea  during  either  our 
own  time  or  that  of  our  posterity. 

An  erroneous  impression  is  conveyed  in  saying  that  Gen.  Barnard, 
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in  distinction  from  the  other  United  States  Army  engineers,  was  an 
earnest  advocate  for  the  application  of  jetties  to  the  mouth  of  the 
Mississippi  Eiver.     This  statement  has  often  been  made. 

The  facts  are  that  Congress,  in  1874,  ordered  a  Board  of  Engineers; 
that  this  Board,  after  extended  investigation,  made  the  first  plan  for  the 
improvement  of  the  South  Pass  hj  jetties,  and  recommended  its  adop- 
tion. There  were  three  officers  of  engineers  on  the  Board,  and  two  of 
them  were  strongly  in  favor  of  jetties. 

It  seems,  then,  that  of  the  few  officers  of  engineers  officially  con- 
nected with  the  plans  for  improving  the  mouth  of  the  Mississippi,  three 
were  in  favor  of  jetties. 

The  writer  also  concludes  that  Government  "  should  not  give  the 
general  or  exclusive  charge  of  public  improvements  into  the  hands  of 
engineers  educated  to  conduct  works  of  a  totally  diflferent  character. " 
As  army  engineers  for  the  last  twenty  years  have  had  little  to  do  except 
construct  river  and  harbor  works,  it  is  difficult  to  see  how  a  better 
education  for  the  purj^ose  could  be  given. 

All  leading  nations  have  a  body  of  permanent  Government  engineers 
on  whom  they  depend  for  the  execution  of  their  Government  public 
works.  Experience  has  shown  them  that  only  by  having  permanent 
servants  can  they  be  faithfully  served.  The  United  States,  with  less, 
system  and  permanence  in  all  its  administrative  arrangements;  has  all 
the  more  need  of  permanent  servants  in  the  expenditure  of  public  money. 
Granted,  then,  that  a  body  of  Government  engineers  is  a  necessity,  the 
question  is:  Having  such  a  body  already  organized,  with  little  other 
emiDloyment,  and  doing  their  duty,  it  is  believed,  as  well  as  any  similar 
body  in  the  world,  whether  that  body  shall  be  replaced  by  a  new  one  '? 

An  alternative  to  a  body  of  Government  engineers  is  the  method 
l^ursued  at  South  Pass,  and  projaosed  for  Galveston;  namely,  for  Con- 
gress to  make  a  contract,  without  competition,  with  some  individual 
who  has  influence  enough  to  secure  the  passage  of  the  necessary  law. 

A  legislative  body  is  notoriously  a  bad  organization  for  making^ 
contracts. 

But  suppose  the  precedent  followed,  to  be  applied  not  to  one,  but  to  a 
dozen  harbors.  The  men  most  plausible,  most  reckless  in  the  use  of 
statements,  promises  and  favors,  and  able  to  secure  the  most  powerful 
lobby,  would  be  the  ones  who  would  obtain  the  legislation  and  secure 
the  contracts.  While  human  nature  is  what  it  is,  corruption  in  such 
a  scramble  would  be  inevitable,  and  all  who  desire  that  public  moneys 
shall  be  honestly  used  must  dread  the  certain  result. 

A.  P.  BoLLEE,  M.  Am.  Soc.  C.  E. — It  is  difficult,  if  not  imj^ossible, 
for  one  inexjjerienced  in  the  practical  working  of  the  jetty  system,  tO' 
rightly  estimate  the  radical  differences  of  opinion  that  api^arently  exist 
between  Mr.  Corthell  and  Col.  Merrill,  particularly  as  they  do  not  agre& 
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upon  all  the  facts.  There  is  a  startling  Jiflference  of  opinion  expressed 
by  the  figures  made  up  by  the  army  engineers  for  the  improvement  of 
Galveston  Harbor  and  those  proposed  by  Mr.  Eads  to  Congress  for 
doing  the  same  work.  It  is  inconceivable  that  Mr.  Eads  should  expect 
to  make  a  profit  of  S4  000  000  in  an  SS  000  000  contract.  The  relative 
jDlans  are  not  sufficiently  set  forth  to  base  an  independent  judgment  upon, 
but  it  must  not  be  forgotten  that  the  army  figures  are  purely  an  estimate, 
which,  if  wrong,  only  means  additional  appropriation,  while  Mr.  Eads' 
figures  are  a  business  proposition,  which  must  cover  numerous  contin- 
gencies, which,  if  not  provided  for,  might  result  in  great  private 
disaster.  Further,  Mr.  Eads  has  the  prestige  of  a  substantial  success 
in  the  completion  of  the  South  Pass  Jetties,  undertaken  against  the 
most  persistent  army  opjiosition.  It  would  therefore  be  manifestly 
unjust  to  draw  hasty  inferences  from  the  above  figures.  Col.  Merrill 
makes  a  good  point  against  Congress  entering  into  a  private  contract  for 
improving  Galveston  Harbor,  and  very  justly  observes  that  if  the 
Government  desires  to  go  outside  the  army  engineers,  ojiportunity 
should  be  afforded  for  other  engineers  and  contractors  to  tender  for  the 
work,  or  it  should  appoint  Mr.  Eads  engineer-in-chief  of  the  work, 
without  the  burden  and  responsibility  of  the  contractor  at  the  same 
time. 

Incidentally,  Messrs.  Corthell  and  Merrill  have  brought  out  in  their 
discussion  a  matter  in  which  all  engineers  are  interested,  and  that  is  the 
engineering  conduct  of  the  public  works,  a  subject  that  has  been  more 
or  less  under  private  discussion  for  a  long  time  past,  and  is  likely  in  the 
future  to  be  more  formally  considered.  It  is  sincerely  to  be  hoped  that 
in  this  Society  at  least,  such  discussion  may  be  conducted  with  perfect 
fairness  and  freedom  from  all  personal  feeling,  as  becomes  the  treat- 
ment of  a  delicate  subject  and  the  dignity  of  the  profession.  As  to  the 
relation  between  the  Engineer  Corps  of  the  Army  and  their  civil  assist- 
ants, most  of  us  have  received  our  impressions  at  second-hand,  and  may 
have  arrived  at  conclusions  that  this  discussion  will  largely  modify. 

The  Government  disbursements  for  the  civil  works  under  its  charge 
have  grown  from  small  beginnings  to  a  very  large  annual  sum,  and  it  is 
but  natural  that  the  civil  engineers  of  the  country  should  feel  that 
such  works  should  be  committed  to  their  charge,  and  taken  away  from 
the  Military  Department  of  the  Government.  In  these  days  it  seems  as 
if  it  ought  not  to  be  a  question  of  argument  as  to  the  relative  qualifica- 
tions for  such  works  as  between  the  civil  and  the  military  engineer.  It 
stands  to  reason  that  men  trained  and  experienced  in  civil  works  are 
the  men  to  whom  such  works  should  be  committed,  as  against  men 
trained  for  a  military  occupation,  with  engineering  as  an  incidental 
study.  It  is  frankly  admitted  in  this  place  that  the  army  has  given  the 
country  some  able  engineers,  while  civil  life  has  furnished  many  engi- 
neers by  no  means  an  ornament  to  the  i^rofession.     But  in  dealing  with 
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general  principles  exceptions  must  be  ignored,  and  extremes  should  not 
be  selected  as  types.  There  are  few  engineers  gifted  by  nature  with 
the  "engineering  instinct,"  and  most  of  us  only  become  qualified 
through  the  technical  schools  and  after  experience,  on  which  basis  the 
fitness  of  any  engineer  must  be  judged. 

The  Engineer  Corps  of  the  Army  is  rightly  regarded  as  a  body  of 
l^icked  men,  having  had  exceptional  advantages  in  education;  but  it  is 
their  misfortune,  and  not  their  fault,  that  the  system  under  which  they 
work  is  not  so  gainful  of  practical  experience,  or  personal  acquaintance 
with  actual  work,  as  is  olitained  by  the  engineer  in  civil  life.  I  have 
yet  to  hear  of  the  young  Lieutenant  of  Engineers  going  out  in  the  field 
as  rodman,  and  working  his  way  up  as  a  subordinate  through  the 
various  grades  of  a  field  party;  or  passing  through  the  elementary  con- 
struction work  in  connection  with  such  field  experience  as  is  vitally 
necessary  for  sound  constructive  knowledge.  The  time  was  when  West 
Point  stood  alone  as  a  school  furnishing  any  technical  training  what- 
ever. The  time  is  when  it  is  the  exception  for  a  college  not  to  have  an 
engineering  annex  of  some  kind,  to  say  nothing  of  those  great  schools 
Avhich  give  to  special  branches  of  engineering  as  much  time  as  West 
Point  does  to  its  whole  miscellaneous  course.  It  would  be  an  admirable 
thing  if  the  West  Point  course  was  supplemented  by  the  Government 
detailing  its  picked  engineer-graduates  for  a  four  or  five  years'  post- 
graduate course  to  the  various  public  works  and  surveys  throughout 
the  country,  entering  as  rodmen,  and  working  their  way  along  with  the 
rest  of  their  civil  associates — for  the  time  being  one  of  them,  untram- 
meled  with  the  restraints  of  the  military  system. 

It  may  be  remarked  that  the  piiblic  works  of  the  Government  are 
open  to  civil  engineers,  large  numbers  of  them  being  employed.  That 
is  true;  but  how  are  they  employed,  and  what  standing  is  accorded 
them  ?  If  any  one  will  turn  to  an  article  printed  in  LippincoU's  Mag- 
■azine  in  August,  1883,  by  the  late  D.  Y.  Carpenter,  he  will  find  an  unex- 
pected revelation  as  to  how  the  military  system  of  engineering  is  carried 
on  with  its  civil  adjunct.  If  the  arraignment  of  that  article  is  true  (and 
I  have  never  seen  any  denial  of  it),  it  must  be  confessed  that  the  treat- 
ment of  civil  engineers  by  the  army  engineers  is  humiliating  in  the 
extreme,  against  which  this  Society  should  earnestly  i^rotest.  "The 
page  slew  the  boar,  and  the  knight  had  the  gloire,"  seems  to  be  the 
present  relation  between  the  military  engineers  and  their  pages,  "the 
assistant  engineers,"  a  relation  it  will  be  difficult,  if  not  impossible, 
to  change,  except  by  utterly  disassociating  the  military  and  civil 
elements,  as  it  is  hardly  conceivable  that  the  Engineer  Corjjs  should 
open  its  doors  to  any  excepting  through  the  portals  of  West  Point.  It 
is  therefore  pertinent  that  the  civil  engineers  of  the  country  should 
thoroughly  understand  this  matter,  and  use  their  best  efforts  toward 
securing  a  proper  Government  recognition  of  their  work  in  some  form 
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that  -would  be  consistent  -with  their  self-respect,  and  i^lace  tbem  on  such 
a  footing  that  it  is  not  a  question  of  rivalry  or  comparison  between  the 
military  and  civil  engineer,  but  one  of  equality.  They  should  be  two 
arms  of  the  same  Government,  one  the  arm  of  war,  the  other  the  arm  of 
peace;  the  one  concerned  with  fortification  and  defense,  the  other  with 
the  improvements  of  harbors  and  rivers,  the  care  of  light-houses  and 
conduct  of  surveys.  The  Board  of  Military  Engineers  and  the  Board 
of  Public  Works — a  Board  of  Public  Works  conducted  on  the  strictest 
civil  service  principles,  open  alike  to  army,  navy  or  civil  engineers. 

Cajit.  J.  C.  Post,  M.  Am.  Soc.  C.  E. — I  have  read  the  valuable  paper 
by  Mr.  E.  L.  Corthell  on  "The  South  Pass  Jetties,"  and  its  interesting 
and  careful  review  by  Colonel  Merrill.  Both  of  these  papers  are 
important  contributions,  and  discuss  one  of  the  most  difficult  prol)lems 
of  hydraulic  engineering. 

Mr.  Corthell,  reasoning  from  his  experience  in  guiding  the  waters  of 
the  Mississipiii  betw'een  jetties,  draws  his  conclusions — some  eight  in 
number — as  to  the  manner  in  which  bars  on  sandy  coasts  should  be 
treated.  Colonel  Merrill  takes  issue  with  him  in  regai'd  to  some  of 
these,  especially  where  he  refers  to  the  application  of  jetties  now  in  pro- 
gress at  Charleston  and  Galveston.  In  his  paper  Mr.  Corthell  seems  to 
have  overlooked  the  great  diflference  between  the  problem  to  be  solved 
at  the  mouth  of  the  Mississippi  and  those  at  the  points  named.  On  the 
one  hand  a  mighty  river  furnishes  the  scouring  currents,  while  on  the 
other  the  ocean  supplies  them.  The  water  from  the  latter  must  first 
find  its  way  into  the  harbor  before  it  can  be  gathered  together  and  used 
for  creating  a  channel. 

Having  had  an  experience  of  over  five  years  upon  the  works  at 
Charleston,  and  similar  ones  at  Cumberland  Sound  and  the  mouth  of 
the  St.  John's  River,  it  has  occurred  to  me  that  a  brief  statement  of  the 
manner  in  which  bars  at  the  entrance  of  harbors  on  lo-<v  sandy  coasts 
should  be  improved,  as  a  result  of  my  studies,  would  be  of  interest  to 
the  Members  of  the  Society. 

In  the  imi^rovement  of  harbors  of  this  character,  there  are  but  three 
methods  which  can  be  used  by  the  engineer.  First,  dredging;  second, 
the  construction  of  works  to,  concentrate  the  flow  of  the  tide  upon  the 
bar,  and  thus  create  a  channel;  and  third,  the  construction  of  a  canal 
with  locks,  connecting  the  harbor  with  the  sea. 

The  first  is  usually  but  a  temporary  expedient,  and  seldom  gives 
much,  if  any,  permanent  relief.  The  third  is  objectionable  as  causing 
constant  delays,  and  being  limited  in  capacity.  The  engineer  is  there- 
fore reduced  to  the  second  method,  Avhich  is  the  only  one  that  can 
satisfy  all  the  conditions  required.  This,  however,  is  by  no  means  cer- 
tain of  success,  and  can  only  be  properly  applied  after  a  thorough  and 
complete  understanding  of  the  locality.     It  should  be  borne  in  mind 
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that  if  it  fails,  it  will  lie  a  most  costly  experiment.  In  that  event,  the 
only  means  left  for  improving  the  harbor  is  by  the  third  method,  and 
this  must  be  accepted  with  all  its  limitations. 

In  preparing  a  jDlan  for  the  improvement  of  a  bar  by  means  of  con- 
centrating works,  or  jetties  as  they  are  commonly  called,  the  engineer 
should  first  study  the  action  of  the  tidal  currents,  their  strength  and 
direction ;  the  location  of  the  existing  channels,  and  the  position  of  the 
deep  water  inside  the  bar;  the  height  of  the  bar,  the  materials  of  which 
it  is  composed,  and  the  slope  on  its  exterior  or  sea  face.  He  also  notes 
the  direction  of  the  prevailing  storms.  It  is  upon  these  latter,  and  the 
manner  in  which  the  tidal  wave  approaches  the  coast,  that  he  must  rely 
for  littoral  or  dispersing  currents. 

After  considering  these  various  conditions,  and  the  width  and  depth 
of  the  channel  necessary  for  the  accommodation  of  commerce,  all  other 
things  being  equal,  he  locates  his  works  so  that  they  may  obtain  the 
required  results  with  the  least  strain  upon  themselves.  In  endeavoring 
to  satisfy  this  condition,  he  can  only  determine  their  position  approxi- 
mately, and  it  is  left  for  him  to  ascertain,  as  the  work  proceeds,  the 
height  to  which  they  should  be  carried  to  secure  success.  He  is  fully 
aware  that  the  lower  the  level  at  which  they  can  be  ke-pt,  the  more 
economically  they  will  be  completed;  and  at  the  same  time  they  will 
be  rendered  less  liable  to  damage  during  violent  gales.  A  broad  founda- 
tion is  essential,  whether  the  jetties  be  high  or  low;  and  this,  in  con- 
struction, must  be  kejit  considerably  in  advance  of  the  raised  portion, 
unless  scour  is  desired  for  some  jaarticular  reason,  such  as  to  reduce  a 
shoal  in  the  path  of  the  work,  upon  which  the  seas  break  so  heavily  that 
the  extension  of  the  jetty  is  impracticable.  Scour  under  these  circum- 
stances has  also  the  advantage  of  permitting  the  foundation  to  be  placed 
at  a  sufficient  depth  to  be  protected  partially,  if  not  wholly,  from  the 
action  of  the  storm  waves.  As  a  general  ijroiiosition,  however,  scour  in 
advance  of  the  work  should  be  avoided  as  much  as  possible,  as  it  adds  to 
the  ultimate  cost. 

I  believe  all  jetties  for  the  improvement  of  sandy  bars  should  be 
raised  above  the  level  of  low  water.  In  localities  where  the  range  of 
tide  is  small,  and  the  tidal  basin  of  limited  dimensions,  and  it  is  desired 
to  form  a  channel  of  large  pro2iortions,  it  will  be  necessary  to  concen- 
trate all  the  current  action  by  bringing  the  jetties  to  the  level  of  high 
water.  It  may  even  be  required,  in  order  to  preserve  the  channel,  to 
raise  the  jetties  above  this  level,  and  obtain  the  aid  of  the  abnormal  cur- 
rents produced  between  them  by  the  storm  tides,  and  thus  drive  back 
and  disperse  the  drift  bar  that  may  be  forming  at  their  entrance  by  the 
action  of  the  heavy  seas. 

At  other  places,  where  the  tidal  range  is  considerable,  and  the  basin 
to  be  filled  is  large,  it  is  probable  that  a  channel  of  sufficient  size  may 
be  produced  without  raising  the  jetties  to  the  level  of  high  water.     If 
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they  are  carried  to  a  height  al)Ove  that  necessary  to  maintain  the  chan- 
nel, they  will  form  a  greater  obstruction  to  the  inflowing  tide,  and  the 
basin  cannot  be  completely  filled  during  the  tidal  interval,  unless  the 
dimensions  of  the  channel  be  increased  beyond  those  needed.  This 
would  produce  an  unnecessary  scour  by  the  flood  tides,  and  conse- 
quently a  greater  deposit  in  the  harbor.  It  is  probable  that  with  all 
jetties,  whatever  their  height  or  distance  apart,  the  flood  tide  will  cause 
some  shoaling  in  the  harbor.  This  may  or  may  not  be  injurious.  The 
amount  of  sand,  however,  to  be  moved  by  this  tide  should  be  kept  at  a 
minimum,  to  avoid,  as  far  as  possible,  deleterious  efi'ects. 

Jetties  that  are  raised  too  high  also  cause  the  ebb  currents  to  remove 
a  greater  quantity  of  sand  than  is  necessary,  thereby  increasing  the 
jjrobability  of  a  bar  forming  in  front  of  them. 

To  give  an  idea  of  the  force  which  the  engineer  has  at  his  disposal 
at  some  of  the  places  where  improvements  of  this  kind  have  been  under- 
taken, the  area  of  the  tidal  basin  and  average  range  of  the  tide  at  each 
have  been  tabulated  as  follows  : 


Locality. 

Area  of  Tidal 
Basin. 

Average  Rise 

and 
Fall  of  Tide. 

Tides  in  24 
hours. 

Charleston 

Square  Miles. 

15 

25 

16 

451 

Feet. 
5.1 
5.9 
4.3 

1,2 

2 

Cumberland  Sound 

2 

St.  John's 

Galveston .      .        ... 

2 
1 

By  multiplying  the  area,  reduced  to  square  feet,  by  the  range  of  the 
tide,  a  fair  approximation  of  the  amount  of  water  flowing  over  these 
bars  during  an  average  tide  may  be  obtained.  During  the  ebb  tides 
this  will  be  reinforced  by  the  fresh-water  discharge  of  the  streams 
emptying  into  the  basin,  and  the  strength  of  the  currents  will  be  cor- 
respondingly increased.  It  is  usual  for  the  ebb  currents  to  commence 
immediately  after  what  is  known  as  high-water  slack,  and  attain  their 
greatest  velocity  during  the  second  and  third  quarters  of  the  tide.  An 
important  variation  from  this  rule  has  been  observed  at  the  mouth  of  the 
St.  John's  River,  where  the  ebb  currents  do  not  appear  until  about  two 
hours  after  the  water  has  begun  to  fall,  or  until  it  has  fallen  one-third 
of  its  range.  This  fact  will  enable  the  jetties  at  this  place  to  be  kept 
below  the  level  of  high  water  without  losing  the  efiect  of  the  ebb-tide 
currents. 

I  will  here  remark  that  the  St.  John's  River  is  a  sluggish  stream, 
with  a  com^jaratively  small  fresh-water  discharge.  The  bar  at  its  mouth 
has  therefore  been  classed  in  this  discussion  with  the  bars  at  Cumber- 
land Sound  and  at  Charleston  Harbor. 
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In  conclusion  "three,"  Mr.  Cortliell  states  "tliat  it  is  necessary  to- 
raise  jetties  high  enough  above  the  surface  of  the  water  to  prevent  the 
sands  from  washing  over  the  works  by  the  force  of  the  storm  waves. " 
Undoubtedly  this  may  be  true  for  some  localities,  especially  where  the 
channel  between  the  jetties  is  narrow,  and  there  is  a  large  amount  of 
drifting  materials,  but  when  the  distance  between  them  is  nearly  half 
a  mile,  or  more,  and  the  scouring  current  strong,  it  is  highly  improbable 
that  the  channel  will  be  appreciably  afi'ected.  Jetties  of  a  sufficient 
height  to  i^roduce  and  maintain  a  channel  of  such  a  size,  will  probably 
give  all  the  protection  against  this  action  that  is  necessary. 

In  opposition  to  the  general  theory  stated  in  conclusion  "  three,"  I 
will  call  attention  to  the  channel  that  has  been  formed  at  Aransas  Pass 
by  a  single  jetty.  This  channel  is  not  protected  by  the  work,  but  is  on 
the  side  from  which  the  drift  comes,  yet  it  is  maintained  by  the  currents 
conserved  and  guided  by  the  jetty.  Again,  at  St.  John's  Bar,  there  is  a 
good  channel  on  the  north  side  of  the  jetty  now  being  constriicted,  with 
no  works  to  protect  it  from  the  prevailing  northeast  storms.  Since  the 
work  began,  this  channel  has  materially  increased  in  depth,  due  to  its- 
influence. 

The  principal  difficulty  encountered  in  retaining  at  a  low  level, 
jetties  built  upon  sand,  results  from  the  overfall  which  acts  to  under- 
mine them.  This  may  require  that  they  should  be  given  additional 
height.  The  amount  of  this  increase  will  depend  itpon  the  action  of  the 
tidal  currents  at  the  locality. 

Low  jetties  have  been  extensively  used  in  improving  the  harbors 
along  the  continental  shore  of  the  North  Sea,  but  only  with  moderate 
success.  This  coast  is' low,  and  full  of  shoals,  and  the  movement  of  the 
sands  by  the  action  of  the  tides  and  storms  very  great.  These  harbors 
are  without  natural  tidal  basins,  those  existing  originally  having  been 
reclaimed. 

The  jetties  generally  gave  an  increase  of  depth,  but  owing  to  the 
littoral  drift  the  shore  line  ad«vanced  with  the  work,  and  the  benefit  was 
small.  Some  of  these  jetties  were  extended  in  hoj^es  of  increasing  their 
effects,  but  the  shore  line  again  advanced  to  their  ends,  and  little  or 
nothing  was  gained.  Artificial  sluicing  basins  were  then  constructed, 
and  finally  dredging  has  been  resorted  to  for  increased  depth.  It  is 
claimed  by  those  engineers  who  have  made  a  sjjecial  study  of  these 
harbors,  that  high  jetties  would  have  caused  a  more  rapid  accumulation 
of  sand.  The  rise  and  fall  of  the  tide  along  this  coast  varies  from  20 
feet  6  inches  at  Calais,  to  14  feet  4  inches  at  Blankenburghe. 

One  of  the  jetties  at  the  mouth  of  the  Liflfey  entrance  to  Dublin 
Harbor  has  also  been  kept  at  a  low  level  along  its  outer  jjortion.  This 
river  is  a  comparatively  insignificant  stream.  In  describing  this  work, 
Mr.  Griffith,  in  a  paper  read  before  "  The  Institution  of  Civil  Engineers  " 
in  1879,  gives  the  following  reasons  for  retaining  part  of  the  jetty  at  a 
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low  level :  "Had  the  great  north  wall  been  raised  above  high-water 
level  for  its  entire  length,  there  would  have  been  a  strong  current 
throiigh  the  entrance  during  the  whole  of  the  ebb.  In  that  case  the 
current  on  the  first  half  of  the  ebb  would  become  a  sand-bearing  stream, 
and  on  meeting  the  opposing  bay  current  would  either  deposit  sand  and 
form  another  shoal,  more  difficult  to  deal  with  than  the  bar,  or  be  de- 
flected to  the  southward,  and  re-enter  the  harbor  on  the  flood,  bringing 
'  back  whatever  sand  was  still  held  in  suspension." 

The  original  depth  of  the  water  over  this  bar  was  6  feet  6  inches  at 
low  tide,  and  it  has  been  increased  to  16  feet,  with  a  probability  of  o1)- 
taining  18  feet.  The  area  of  the  tidal  basin  is  about  four  square  miles, 
of  which  only  one-quarter  is  included  within  the  line  of  low  water.  Rec- 
lamation has  been  avoided  within  this  basin,  and  dredging  has  been 
continued  to  remove  a  shoal  that  has  been  forming  since  the  construc- 
tion of  the  north  wall.  Bv  this  means  the  tidal  capacity  of  the  harbor 
has  also  been  improved.  The  rise  and  fall  of  the  tide  in  this  harbor  is 
13  feet. 

By  a  comparison  of  the  two  localities  cited,  the  south  shore  of  the 
North  8ea  and  the  coast  of  Ireland,  where  low  jetties  have  been  applied 
with  such  difterent  results,  it  will  be  observed  that  the  absence  of  tidal 
basins  in  the  continental  harbors  seems  to  be  responsible  for  the  limited 
success  at  those  places.  An  endeavor  has  been  made  to  supply  this  de- 
ficiency by  constructing  sluicing  basins.  These,  however,  can  only  be 
made  of  comparatively  small  dimensions,  and  to  obtain  their  greatest 
effect  the  water  was  allowed  to  flow  from  them  when  the  tide  was  lowest. 
It  is  not  improbable  that  the  violent  currents  that  were  produced  in  this 
manner  removed  more  sand  in  the  vicinity  of  the  basin  than  it  could 
convey  through  the  jetties,  and  thus  shoals  were  formed  between  them. 
Even  if  these  currents  were  successful  in  removing  this  sand  beyond  the 
works,  it  was  carried  into  the  sea  at  a  time  when  the  littoral  currents 
were  at  a  minimum,  and  much  of  it,  no  doubt,  was  deposited  at  the  en- 
trance of  the  jetties  to  form  a  bar,  or  to  be  carried  back  again  into  the 
harbor  by  the  next  flood  tide. 

In  the  sixth  conclusion  I  agree  most  heartily  with  Mr.  Corthell,  for 
in  no  class  of  construction  is  rapid  and  energetic  work  more  essential 
than  in  the  improvement  of  a  sand  bar.  Unfortunately  the  present 
system  of  appropriating  for  these  works  will  not  permit  that,  and  there 
are  long  intervals  during  their  construction  when  nothing  can  be  done 
for  want  of  funds.  Take  for  example  Charleston  Harbor,  where  the 
original  estimate,  based  upon  there  being  continuous  work,  was 
$1  800  000.  This  improvement  was  begun  in  1878,  and  up  to  date,  a 
l)eriod  of  seven  years,  the  total  amount  appropriated  has  been 
$1  290  000,  which  has  allowed  an  average  yearly  expenditure  of  $184  000. 
For  the  improvement  of  Cumberland  Sound,  the  estimate  under  the 
same  conditions  was  $2  071  023,  and  during  the  five  years  this  work  has 


240  DISCUSSION  ON"  THE   SOUTH   PASS   JETTIES. 

been  under  way,  there  have  been  approisriated  but  $255  000,  or  sufficient 
for  a  yearly  expenditure  of  $51  000.  Again,  at  St.  John's  Bar,  where  the 
estimate  was  $1  306  409  for  rapid  and  continuous  work,  which  was  well 
known  to  be  specially  essential  at  this  place,  because  of  the  sudden  and 
constant  changes  in  the  bar,  during  the  five  years  since  the  commence- 
ment of  these  jetties,  but  $525  000  has  been  appropriated,  and  an  average 
yearly  expenditure  of  $105  000  has  been  made.  By  experience,  it  has 
been  ascertained  that  $50  000  may  be  expended  during  a  fair  average 
month's  Avork  at  these  places.  Comparing  this  with  the  amounts  that 
have  been  available,  it  can  readily  be  seen  how  much  time  might  have 
been  saved  if  these  works  could  have  been  carried  on  continuously  in 
the  proper  manner.  Thus,  at  Charleston,  what  has  been  done  in  seven 
years  should  have  been  done  in  two  years;  at  Cumberland  Sound,  what 
has  taken  five  years  should  have  been  done  in  five  months;  and  what 
has  been  done  in  five  years  at  St.  John's  Bar  should  have  been  done  in 
ten  and  one-half  months. 

Any  one  conversant  with  this  class  of  works,  is  aware  that  the  greater 
portion  of  their  cost  is  in  the  construction  of  the  foundation,  and  rais- 
ing their  levels  to  where  the  effect  begins  to  be  felt.  This  may  require 
an  exi^enditure  of  75  per  cent,  of  the  estimated  cost,  or  perhaps  more, 
depending"  upon  the  locality;  and  this  is  true  where  the  works  are  pressed 
forward  in  the  most  vigorous  manner.  But  where  they  are  delayed,  be- 
cause of  insufficient  means,  as  in  the  cases  alluded  to,  and  operations 
are  suspended  from  time  to  time,  and  the  work  necessarily  abandoned, 
while  the  currents  are  continually  at  work,  causing  changes  that  are 
detrimental  to  the  portion  already  constructed,  creating  holes  to  be 
filled  up,  and  otherwise  adding  to  the  cost  of  completing  the  jet- 
ties, a  much  larger  percentage  must  be  consumed;  and  even  the  whole 
of  the  original  estimate  may  be  expended  before  the  sands  begin  to 
move.  It  is  by  these  delays  that  works  which  should  be  comi^leted  in 
two  or  three  years,  or  at  least  give  s'ome  beneficial  results  in  that  time, 
are  made  to  drag  along  from  year  to  year.  The  engineer,  in  the  mean- 
time, is  compelled  to  rejjort  "  no  results,"  well  knowing  that  he  is  being- 
judged  adversely  by  an  impatient  public,  who  hold  him  alone  resjionsi- 
ble.  It  has  no  conception  of  the  magnitude  of  the  undertakings,  nor  of 
the  time  necessary  for  their  completion,  and  cannot  be  made  to  realize 
that  these  enforced  delays  are  increasing  the  ultimate  cost  of  the  work, 
and  the  time  of  completion,  by  amounts  which  cannot  be  estimated. 
The  engineer's  plan  may  be  the  best  that  can  be  adopted,  one  well  qual- 
ified to  give  success,  and  yet,  through  no  fault  of  his,  he  is  charged 
with  failure,  because  he  does  not  fulfill  the  anticipations  of  those  who 
do  not  fully  comprehend  the  difficulties  with  which  he  contends. 

I  have  now  stated  the  conditions  under  which  the  river  and  harbor 
works  in  general  have  been  conducted  throughout  the  country,  and 
which  have  added  to  the  cost  of  all,  and  particularly  to  those  where 
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improvements  of  sanclv  bars  by  jetties  have  been  undertaken.  I  trust 
that  I  have  made  myself  suflSciently  clear  to  cause  every  one  to  appre- 
ciate the  unusual  embarrassments  that  beset  these  works  under  the 
j)resent  system  of  making  appropriations.  Engineering  difficulties  it  is 
the  duty  of  the  profession  to  meet  and  overcome,  if  practicable,  but  it 
is  the  financial  part — the  insiifficient  and  irregular  amounts,  that  are 
given  without  due  regard  to  the  importance,  the  character,  or  econom- 
ical construction  of  tlje  works — which  particularly  worries  and  harasses 
the  engineer,  who  feels  that  his  reputation  is  at  stake,  and  that  he  may 
be  seriously  injured  professionally  if  his  works  fail  from  any  cause. 

Considering  all  that  the  Army  Engineers  have  had  to  encounter  in 
conducting  these  improvements,  I  cannot  see  how  any  class  of  men 
could  have  done  better,  and  I  believe  that  the  Members  of  this  Society, 
when  they  fully  understand  the  situation,  will  even  be  led  to  express' 
surprise  that  so  much  has  been  accomplished  under  a  system  so  faulty 
and  so  full  of  perplexities. 

With  regular  and  ample  approjiriations,  a  large  portion  of  the  works 
would  by  this  time  have  been  comj^leted;  Init  instead  of  making  a  jjro- 
vision  to  this  end,  Congress  has  seen  fit  again  this  year  to  withhold  ap- 
propriations for  the  river  and  harbor  works,  and  many  of  them,  especi- 
ally those  most  important,  will  be  obliged  to  pass  through  another 
l^eriod  of  delay,  peril,  and  deterioration. 

Edward  P.  North,  M.  Am.  Soc.  C.  E. — In  the  pajjer  under  consid- 
eration, Mr.  Corthell  says :  "  A  lesson  maybe  drawn  from  this  matter 
concerning  the  proper  mode  of  carrying  on  public  engineering  work. 
That  lesson  is,  as  it  appears  to  the  writer,  that  the  Government  should 
summon  to  its  aid  the  best  engineering  talent  within  its  reach,  and 
should  not  give  the  general  or  exclusive  charge  of  public  improvements 
into  the  hands  of  engineers  educated  to  conduct  works  of  a  totally  dif- 
ferent character.  Let  the  doors  be  thrown  ojjen  freely  to  all  engineers 
fitted  by  education  and  experience  for  the  service  required." 

It  may  be  well  to  submit,  in  this  connection,  that  the  whole  system 
under  which  ouv  river  and  harbor  improvements  are  prosecuted,  could 
be  advantageously  remodeled. 

As  long  ago  as  1808,  the  then  Secretary  of  the  Treasury,  in  his  re- 
port to  the  Senate  on  "Public  Roads  and  Canals,"  after  estimating 
$16  600  000  for  works  of  ijublic  utility,  adds  :  "  As  the  expense  must  be 
defrayed  from  the  general  funds  of  the  Union,  justice,  and  jjerhaps 
policy  no  less  than  justice,  seems  to  require  that  a  number  of  local  im- 
provements sufficient  to  equalize  the  advantages  should  also  be  under- 
taken in  those  States,  parts  of  States,  or  districts  which  are  less  immedi- 
ately interested  in  those  inland  communications.  *  *  *  * 
Without  pretending  to  suggest  what  would  be  the  additional  sum 
necessary  for  that  object,  it  will,  for  the  sake  of  round  numbers,  be 
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estimated  at ^3  400  000 

Wliich   added   to  the  sum  estimated  for  general 

improvements 16  600  000 

Would  make  an  aggregate  of $20  000  000  " 

Thus  proposing  to  add  over  one-fifth  of  what,  in  the  slang  of  the  day,  is 
called  "grease,"  to  the  amount  necessary  to  the  appropriation  to  ac- 
complish the  end  sought. 

The  unfortunate  precedent  thus  established,  has  seemingly  carried 
force  through  all  future  considerations  of  a  subject  so  vital  to  our  pros- 
jjerity,  and  States  and  districts  on  principles  of  policy,  no  less  than  jiis- 
tice,  still  require  local  imi^rovements,  some  of  which  are  not  calculated 
to  add  to  the  wealth  of  our  country. 

In  the  meantime,  such  a  clamor  has  been  raised  against  appro- 
priations for  the  improvement  of  our  rivers  and  harbors,  i>articu- 
larly  those  that  have  a  tendency  to  cheapen  distribiition  among  our- 
selves, and  control  freight  rates  on  railroads,  that  unthinking  persons 
hold  any  attempt  to  increase  the  wealth  of  our  country  by  improving 
the  avenues  for  water  transportation  as  disreputable  and  a  prima  facie 
evidence  of  fraud,  and  our  legislators,  grown  careless  of  censure  so 
liberally  bestowed  on,  in  general,  beneficent  enterprises,  and  alighting 
alike  on  the  just  and  the  unjust,  in  some  instances,  at  least,  following 
Gallatin's  precedent  to  its  logical  conclusion,  have,  in  the  spirit  of 
i:)olicy,  no  less  than  the  spirit  of  justice,  endeavored  to  add  to  their  popu- 
larity and  political  strength  by  securing  large  approjiriations  regardless 
of  their  utility,  or  even  withholding  them  entirely  from  unappreciative 
sections,  as  a  mode  of  punishment. 

The  ordinary  course  of  river  and  harbor  improvements  is  about  as 
follows,  viz. :  An  a23propriation  is  secured,  either  with  or  Avithout 
Ijrevious  survey,  and  a  plan  adopted  having  in  view  the  supposed 
requirements  of  a  locality,  and  also  the  fact  that  it  is  uncertain  whether 
the  next  year  will  give  an  appropriation  or  not.  Under  these  circum- 
stances the  money,  even  when  in  the  hands  of  a  competent  engineer,  is 
extremely  liable  to  be  exijended  tentatively,  and  without  proi^er  consid- 
eration of  the  necessities  of  the  case,  and  to  j^oor  advantage;  so  that  we 
read  in  the  Rej^ort  of  the  Chief  of  United  States  Engineers  for  1883,  of 
the  imjirovement  of  the  Fox  and  Wisconsin  Eivers,  for  which,  since 
1870,  $2  483  723.97  has  been  appropriated:  "  The  whole  subject  of  the 
improvement  of  the  Fox  and  Wisconsin  Rivers  has  been  referred  to  the 
Board  of  Engineers  for  Fortifications  and  River  and  Harbor  Imi^rove- 
ments,  and  it  is  expected  that  the  Board  will  make  a  report  in  time 
for  the  next  Session  of  Congress. 

"Future  work  on  the  imiirovement  will  depend  in  a  great  measure 
on  the  report  of  the  Board." 

However  unsuited  for  the  locality  the  plan  adopted  may  be,  all  ad- 
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verse  criticism  is  apt  to  be  vigorously  reprehended,  tlirough  fear  that 
local  interests  may  be  endangered  by  prejudicial  reports  from  the 
engineer-officer  in  charge,  it  being  only  after  years  of  disappointment 
that  the  community  rises  to  the  sublime  height  of  refusing  an  appro- 
priation, or  at  least  requesting  that  one  be  not  made. 

If,  under  the  pressure  of  any  dissatisfaction,  a  commission  is  ap- 
pointed, it  often  has  for  its  head  the  very  man  who  is  responsible  for 
all  the  bad  engineering  of  the  district,  whose  record  must  be  kept  in 
view  and  protected,  while  an  esprit  de  corps,  as  in  the  case  of  the  de- 
liberations over  the  relative  merits  of  a  canal  and  jetties  at  the 
mouth  of  the  Mississippi,  is  apt  to  seriously  warp  the  judgment  of  the 
Board. 

If,  for  the  present  arrangement,  a  mixed  commission,  consisting  of, 
say,  three  civil  and  three  military  engineers,  with  three  or  four  persons 
interested  in  the  commerce  and  industries  of  the  locality,  was  uniformly 
appointed,  who  should  be  instructed  to  report  on  the  necessity  for  the 
proposed  improvement,  on  the  plan  to  be  adoi:)ted,  and  on  its  costs. 
Congress  could  intelligently  consider  the  advantages  of  the  proposed 
improvement,  and  at  one  time  apjDropriate  money  enough  to  complete 
the  work  with  the  speed  necessary  to  economy,  without  yearly  recourse 
to  those  sectional  considerations  introduced  by  Secretary  Gallatin's 
report. 

The  elaborate  definition  of  civil  engineering  as  adopted  by  our 
brethren  of  England:  "The  art  of  directing  the  great  sources  of  power 
in  nature  for  the  use  and  convenience  of  man,  as  the  means  of  produc- 
tion and  of  traffic  in  States,  both  for  external  and  internal  trade,  as 
applied  in  the  construction  of  roads,  bridges,  aqiieducts,  canals,  river 
navigation  and  docks,  for  internal  intercourse  and  exchange;  and  in  the 
construction  of  ports,  harljors,  moles,  breakwaters,  light-houses,  and 
in  the  art  of  navigation  by  artificial  power  for  the  purposes  of  com- 
merce; and  in  the  construction  and  adaptation  of  machinery,  and  in  the 
drainage  of  cities  and  towns,"  will  be  quoted  oftener  than  Ashbel 
Welch's  "that  engineering  is  best  which  most  fully  answers  its  purpose 
at  the  least  cost;  "  or  our  Past-President  Whittemore's  definition:  "  En- 
gineering is  economy  in  time,  space  and  money." 

But  successful  engineering  work  is  done  on  the  American  definition, 
even  by  those  who  have  never  heard  it,  and  probably  the  greatest  ad- 
vantage in  the  plan  of  a  mixed  commission  would  lie  in  the  Government 
securing  the  services  of  men  used  to  considering  the  economic  connec- 
tion between  expenditures  and  the  returns  probably  derived  therefrom; 
men  who  have  also  shown  their  fitness  for  the  profession  by  the  position 
they  have  attained  rather  than  by  marks  obtained  in  any  school,  and  the 
sure  results  of  promotion  by  seniority. 

The  justice  and  policy  of  having  the  business  interests  of  the  locality 
represented,  seem  too  patent  to  require  further  discussion. 
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It  is  not  held  that  the  proposed  commission  would  be  infallible,  or 
that  no  mistakes  would  be  made  by  it;  but  under  it,  it  is  doubtful 
if  over  $3  500  000  (including  simple  interest  at  5  per  cent.)  would  be 
again  exjaended  through  15  years,  Avithout  even  completing  a  local 
improvement,  before  the  receipt  of  a  report  on  which  the  future  work 
on  the  improvement  depends. 

Nor  would  the  practice  of  building  parallel  piers  for  our  lake 
harbors  be  continued,  affording  a  clean  race  for  waves  i^ast  the  business 
l^art  of  the  town,  and  entirely  ignoring  the  advantages  of  a  fore-shore. 

Neither  would  we  see  the  entrance  to  another  harbor,  intended  to 
accommodate  center-board  vessels,  38  to  40  feet  wide,  with  a  fixed  keel 
only  1  foot  deep,  contracted  to  a  width  of  125  feet,  while  the  shore 
sides  of  harbor  piers,  on  the  same  coast,  opening  260  feet,  were  orna- 
mented with  wrecks  of  schooners,  that,  on  account  of  the  necessit}-  of 
drawing  uji  their  center-boards,  had  failed  to  make  an  entrance. 

And  no  other  harbor  would  probably  be  commenced  in  hard  pan 
where  the  first  year's  dredging  cost  $1 .  20  per  cubic  yard,  while  100 
yards  to  the  north  was  a  swamp  where  the  dredging  subsequently  cost 
12  to  13  cents. 

If  Congress  could  be  induced  to  aj^propriate  at  one  time  the  funds 
necessary  for  the  completion  of  the  Avork,  limiting  the  yearly  expendi- 
tures as  might  be  thought  best,  cases  like  that  at  Ontanagon  would  be 
less  frequent,  where  dilatory  piers  have  followed  a  slowly  advancing  bar 
since  1867,  Avithout  material  amelioration  of  its  environments,  with, 
however,  an  expenditure  of  $257  600,  and  this  under  frequent  calls  from 
the  engineer  in  charge  for  larger  appropriations. 

The  malign  influences  of  small  and  iueffectiA-e  appropriations,  con- 
sequent on  the  clamors  of  local  jealousies,  or  sui^posed  political  ne- 
cessities, cannot  be  measiired  alone  by  the  greatly-increased  cost  of  the 
work  directly  affected;  but  by  affording  a  ready  and  readily  accepted 
excuse  for  expensive  management,  they  have  a  tendency  to  eliminate 
that  pride  in  economical  management  that  is  the  basis  of  successful 
engineering. 

The  extent  to  Avhich  the  charge  of  public  Avorks  should  be  throAvn 
open  to  civil  engineers  is  a  question  that  Avill  probably  have  many  dif- 
ferent answers,  depending  on  the  mental  habit  of  the  answerer,  his 
knowledge  of  the  subject,  and  his  leaning  to  either  the  English  or  the 
American  definition  of  civil  engineering. 

The  engineer-officers  of  our  Government  have  a  long  and  honorable 
record  for  financial  probity.  Some  members  of  the  corps  may  have 
been  lazy,  inebriate  or  impracticable,  but  it  is  not  charged  that  they 
have  been  influenced  by  dishonest  means,  except,  it  is  believed,  in  one 
instance.  The  very  fact  urged  against  them,  that  they  have  only  to  live 
to  attain  the  summit  of  their  professional  possibilities,  and  while  they 
live  their  support  is   assured  to  them,  not  only  removing  temptation 
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from  them,  but  allowing  them  to  follow  their  convictions,  right  or 
wrong,  with  a  sujireme  indiflference  to  the  consequences,  is  not  entirely 
devoid  of  professional  and  economical  advantages.  The  contrast  be- 
tween the  City  of  Washington  when  its  public  works  were  under  the 
charge  of  a  political  commission,  and  the  same  city  under  an  engineer 
commission  that  the  politicians  cannot  touch,  or,  touching,  cannot  hurt, 
is  an  illustration  patent  to  our  whole  profession. 

It  seems  that  a  modification  of  the  law  making  the  senior  engineer- 
officer  in  charge  of  a  work  or  district  responsible  for  the  funds  appro- 
priated, might  be  made  with  great  advantage  to  the  service,  by  the  ap- 
pointment of  paymasters,  only  requiring  the  engineer  to  certify  bills 
and  designate  the  accounts  to  which  they  should  be  charged,  thus 
giving  the  man  responsible  for  the  eondiict  of  the  work  and  the  econ- 
omical results  obtained,  an  opportunity  to  know  of  its  details. 

The  unfortunate  prostitution  of  the  talents  and  time  of  the  senior 
officer  to  the  office  and  affairs  of  a  book-keeper,  was  as  long  ago  as  1868 
referred  to  as  follows  :  "If  it  were  possible  to  relieve  the  superintend- 
ing engineer,  who  disburses  the  money  belonging  to  as  many  different 
appropriations  as  has  been  my  lot,  from  a  portion  of  the  duties  now 
intrusted  to  him,  it  would  enable  him  to  devote  a  part  of  his  time,  now 
devoted  to  j^aper  work,  to  other  and  more  impoi'tant  professional 
duties." 

This  protest  against  clerkly  labor  seems  to  have  been  unavailing, 
and  the  superintending  engineer,  if  he  is  wise,  first  sees  to  his  ac- 
counts, and  then  sees  to  the  work  for  the  sujoerintendence  of  Avhich  he 
is  sui3])osed  to  have  been  educated. 

The  ill  effects  of  the  lack  of  practical  knowledge  of  work  born  of 
this  state  of  affairs  do  not  noticeably  come  to  the  surface  when  dealing 
with  the  large  resources  of  our  Government,  but  when  handling  enter- 
prises organized  on  the  basis  common  to  j^rivate  or  corporate  affairs  are 
sometimes  disastrous.  As  when  one  of  them  being  a2:)pointed  Chief 
Engineer  of  an  intended  great  trunk  line  from  the  Mississippi  Valley 
to  the  Pacific  Ocean,  falling  into  the  hands  of  a  crank,  smashed  his  com- 
pany by  recommending  a  narrow-gaiige  railroad;  or  another,  who  it  is 
said,  after  the  expenditure  of  .?!  000  000  on  a  piece  of  jsroperty,  left  it 
less  ready  for  use  than  when  he  took  charge  of  it. 

It  is  possible  also  that  an  improvement  might  be  made  in  the  educa- 
tion of  these  engineers.  For,  according  to  a  writer  in  a  late  number  of 
the  Engineering  and  Mining  Journal,  after  leaving  West  Point  they  are 
again  confined  in  an  additional  school  for  two  and  a  half  years,  where 
associating  entirely  with  men  of  one  caste,  it  is  nearly  impossible  their 
minds  should  not  become  more  or  less  contracted. 

If  these  young  men  on  leaving  their  schools  could  be  placed,  as  the 
graduates  of  other  technical  schools  are,  in  direct  contact  with  their 
work,  they  would  doubtless  be  much  better  acquainted  with  the  prop- 
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erties  of  time,  si^ace  and  money  than  on  their  final  discharge  from  semi- 
monastic  surroundings. 

It  does  not  seem  to  the  writer  that  the  practice  of  Government  sum- 
moning to  its  aid  the  best  engineering  talent  within  its  reach,  could,  on 
the  whole,  work  adversely  to  its  interests. 

There  would,  doubtless,  be  a  certain  loss  of  esprit  cle  corps,  Init  that, 
so  far  as  it  leads  to  the  supjaort  of  unsuitable  plans  and  inefficient  man- 
agement, would  not  be  an  unmixed  evil. 

There  could  hardly  fail  to  be  a  sure  gain  from  the  introduction  of 
men  trained  in  different  schools,  even  if  it  were  admitted  that  their 
training  was  not  better  and  broader  than  that  given  by  our  own  Govern- 
ment. But  if  the  service  should  carry  a  rivalry  between  those  fitted 
under  different  systems,  that  rivalry  could  hardly  fail  to  be  one  for  ex- 
cellence of  plans  and  execution. 

Comiiaring  the  results  at  the  commencement  of  our  late  unpleasantness, 
when  the  regular  officers  were  supposed  to  possess  all  warlike  knowl- 
edge, with  those  attained  at  a  later  period,  when  volunteer  officers  held 
imjiortant  eominands,  few  can  doiibt  the  mutual  gain  to  both  classes,  as 
well  as  to  the  whole  country,  from  the  employment  of  volunteers.  And 
it  seems  i)rol)able  that  still  more  advantageous  results  would  accrue 
from  throwing  the  doors  open  to  all  engineers  fitted  for  the  service 
required. 

Robert  E.  McMath,  M.  Am.  Soc.  C.  E. — Concerning  the  South  Pass 
Jetties  themselves  I  have  nothing  to  say,  but  I  do  wish  to  say  something 
as  to  the  application  of  the  supposed  lessons  of  the  jetties  to  the  Missis- 
sippi at  points  where  the  conditions  are  essentially  dissimilar. 

The  jetty  experience  is  good,  so  far  as  it  goes,  and  it  goes  far  enough 
at  the  Passes  to  satisfy  all  reasonable  demands;  but  it  comes  very  far 
short  of  furnishing  a  precedent  for  practice  in  dealing  with  the  river  at  the 
inland  jDarts  of  its  course.  At  the  jetties  but  a  small  part  of  the  volume 
of  the  Mississippi  was  dealt  with;  the  range  of  stage  is  but  small;  and  the 
ratio  of  volume  change  in  the  South  Pass  is  a  low  one.  The  concentra- 
tion there  by  the  jetty  works  in  space  and  width, was  followed  as  a  result 
by  a  gradual  and  abiding  increase  of  volume,  much  as  if  drawn  from  a 
reservoir  through  an  enlarging  orifice;  so  that  the  channel,  while  form- 
ing and  after,  was  always  full  to  near  the  same  level,  and  the  current  did 
not  vary  in  velocity  to  the  extent  which  currents  do  in  the  river  higher 
up,  and  but  very  little  in  direction.  The  normal  volume,  in  the  true 
sense  of  the  term,  was  there  an  increasing  quantity.  There  is  no  warrant 
to  predict  from  such  an  experience  that  useful  results  would  follow  from 
the  action  of  floods  under  concentration  in  time  as  well  as  sjiace;  for,  as 
the  result  of  such  concentration,  the  true  normal  volume  must  be  dimin- 
ished. 

The  application  of  jetty  lessons  to  levees,  as  if  these  were  similar, 
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though  dealiog  only  with  a  passing  flood,  to  the  jetties,  which  are  always 
exerting  their  full  influence,  is  an  error.  The  principle  I  have  sufficiently 
discussed  in  "Levee  Theory  Tested  by  Facts."* 

Another  attempt  to  transfer  jetty  experience  to  works  in  the  channel 
of  the  Mississii^pi  without  allowing  for  the  difterence  in  essential  con- 
ditions, resulting  in  practical  failure,  may  be  found  in  the  training  dikes 
or  jetties,  by  which  a  reduction  of  the  wide  places  to  an  approximately 
uniform  width  has  been  attempted.  Though  the  principle,  as  laid 
down  on  paper,  was  that  the  Mississippi  was  to  be  siibjected  to  a  high- 
water  treatment,  the  dikes  were  located  in  the  bed,  and  having  their 
bases  in  water  at  low  stages  or  on  low  bars,  the  limit  of  possible  con- 
struction left  them  submerged  at  high  stages  and  so  under  the  condem- 
nation of  Mr.  Corthell's  third  lesson.  No  "high-water  treatment  "  doc- 
tor has  ever  shown  how  that  treatment  could  be  a^jplied  to  the  Missis- 
sippi practically.  The  so-called  jetty  i^rinciples  are  not  applicable  to  the 
Mississijjpi  in  general;  for,  if  placed  on  the  bank  as  levees,  they  affect 
only  abnormal  and  irregular  conditions  which  are  not  reconcilable  with 
the  formation  and  maintenance  of  a  water-way  adapted  to  a  smaller 
volume,  which  must  lie  admitted  to  be  the  normal  one,  and  with  the 
normal  water-way,  improvement  of  navigation  has  solely  to  do;  and  if  ap- 
plied in  the  bed  as  training  dikes,  the  "  high-water  treatment  "  "  unsub- 
mersible "  idea  would  require  that  the  dikes  be  parallel  permeable 
walls  fifty  or  more  feet  in  height,  works  which  would  not  commend 
themselves  to  engineers  as  stable  structures,  if  their  construction  were 
possible. 

Since  the  applicability  of  the  jetty  system  to  river  improvement  has 
been  broadly  claimed,  and  has  been  too  readily  accepted,  by  engineers  as 
well  as  by  the  public,  as  a  delightfully  simple  and  eminently  practicable 
method,  it  may  be  well  to  make  the  essential  difterence  of  conditions 
plain. 

At  the  Passes  the  effort  to  control  the  river,  compared  as  to  difficulty 
with  that  at  the  middle  portions  of  its  course,  is  much  like  a  trial  of 
strength  with  an  adversary  in  his  old  age  as  compared  with  the  vigor  of 
his  manhood;  or,  if  the  thought  of  using  the  river's  own  forces  is  sug- 
gested, the  river  at  the  Passes  is  as  an  ox,  in  the  upper  portions  it  is  as  a 
wild  bull ;  for  at  the  Passes  the  destructive  power  of  the  Mississippi  is 
almost  exhausted,  indeed  little  erosive  work  is  done  for  many  miles 
above  the  Passes. 

At  the  junction  of  the  Ohio  with  the  Mississippi,  low- water  elevation  is 
about  290  feet  above  gulf  level;  at  high  water  the  elevation  is  340  feet,  and 
the  volume  of  water  twenly  times  greater  than  at  low.  The  mass  of  water, 
multiplied  by  its  elevation  above  sea  level,  represents  a  definite  capacity 
for  work,  potential  energy;  when  the  water  reaches  sea  level  its  capacity 

*  Levee  Theory  Tested  by  Facte,  by  Robert  E.  McMath,  M.  Am.  Soc.  C.  E.,  Transactions 
Am.  Soc.  C  .  E.,  No.  291,  Vol.  XIII,  October,  1884. 
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for  work  is  zero,  that  is,  the  whole  has  been  expended  in  some  kind  of 
work  somewhere.  The  resistances  of  a  channel  1  060  miles  in  length, 
due  to  wetted  surfaces  and  bends,  together  with  the  burden  of  transport- 
ing the  solid  matter  suspended  in  the  water  at  the  Ohio  junction,  measure 
the  necessary  work.  The  difference  between  capacity  and  necessary 
work  represents  surplus  energy,  which  must  be  expended  in  internal 
work,  whirls  and  commotions,  and  external  work  on  bed  and  banks  and 
in  the  transportation  of  eroded  material.  Viewed  in  this  hydro-dynamic 
light,  the  instability  of  river  banks  and  shifting  channels,  which  charac- 
terize and  constitute  silt-bearing  rivers,  are  the  consequences  of  surplus 
energy;  that  is  to  say,  the  fall  in  the  river  is  greater  than  is  compatible 
with  the  conveyance  of  the  constantly  varying  volume  of  water  in  a  fixed 
channel  traversing  alluvial  material.  Moreover,  since  erosion  practically 
ceases  below  Ked  River,  this  surplus  fall  is  located  and  the  surplus 
energy  is  nearly  all  expended  in  the  765  miles  between  the  Ohio  and  Eed 
Rivers.  Reduce  the  river  to  uniform  width,  or  whatever  other  ideal  con- 
dition you  please,  and  the  dynamic  problem,  How  shall  the  surplus  en- 
ergy be  expended?  will  remain,  and  most  of  the  ideal  improvements  pro- 
posed for  the  river  will  l)e  found  on  examination  to  increase  the  surplus. 

At  the  Passes  the  potential  energy  of  the  mass  is  small,  and  there  re- 
mains little  or  no  surplus  for  destructive  work;  elsewhere  the  surplus  is 
very  great.  The  existence  or  non-existence  of  surj^lus  is  the  essential 
difference  of  condition  to  which  I  would  call  attention,  for  it  explains, 
not  only  why  the  jetty  plan  of  concentration  has  failed,  and  must  fail, 
to  accomi^lish  a  permanent  improvement  of  the  Mississippi,  but  it  also 
disposes  of  all  the  rival  plans  and  suggestions  that  have  thus  far  been 
brought  forward. 

The  principles  involved  in  using  the  dynamic  condition  as  a  cri- 
terion to  judge  jjlans  by  are  simjile,  and  need  only  to  be  named. 

The  fact  that  erosion  goes  on  actively  at  the  lowest  stages,  as  far 
down  as  the  mouth  of  the  Red  River,  j^roves  that  there  is  a  surplus  of 
energy  even  then.  When  both  mass  and  elevation  are  increased  by 
floods,  this  surplus  is  increased  manifold.  A  further  increase  must 
result  from  concentration  of  flood  in  time  and  space  by  levees,  there- 
fore confinement  of  flood  waters  by  levees  must  serve  to  further  in- 
crease an  energy  already  much  too  great.  Outlets  for  part  of  the  water, 
so  far  as  they  even  tend  to  lower  the  surface  at  the  point  of  dei^letion, 
increase  the  slope  and  surplus  energy  in  the  i^art  of  the  river  immedi- 
ately above  the  outlet,  and,  as  a  next  consequence,  bring  an  increased 
quantity  of  scoured  material  into  the  jjart  next  below  the  outlet,  where  it 
causes  fresh  evils.  Cut-ofts,  by  shortening  the  course,  increase  the  ratio 
of  fall  to  length,  and  so  intensify  the  action  of  surplus  energy. 

Thus  levees,  outlets  and  cut-off's,  confining,  depleting  and  straighten- 
ing, though  differing  widely  in  object  and  instrument,  all  have  the 
common  feature  that  they  increase  the  residue  of  destructive  energy. 
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and  hence  are  all  incompatible  witli  the  stable  condition  which  must 
be  attained  by  a  permanent  imjirovement. 

Now,  if  this  surplus  energy  was  applied  to  deepening  the  bed,  the 
river  woixld  be  lowered,  the  fall  in  the  lower  end  reduced,  and  destriic- 
tive  action  would  there  cease.  But  the  fall  lost  below  must  be  concen- 
trated in  the  upper  reaches  Avith  increase  of  destructive  power,  or  at  a. 
cataract  where  energy  would  be  expended  in  internal  work.  Some 
seem  to  think  such  a  result  desirable  and  probable.  Once  there  was 
talk  about  "  setting  Cairo  on  a  hill,"  by  extending  the  conditions  be- 
low the  Red  River  up-stream.  Geologists  say  that  an  arm  of  the  gulf 
once  occui:)ied  the  entire  area  now  covered  by  alluvial  dej^osits,  and 
whose  waves  washed  the  hills  above  Cairo.  The  theory  of  those  who 
would  extend  deep  water  up-stream  imj^lies  an  expectation  that,  by  the 
magic  of  a  few  willow  wands,  the  course  of  nature  for  geologic  ages  will 
be  reversed,  and  the  river  will  be  seen  lowering  itself  in  a  bed  which  it 
has  been  raising  and  extending  since  its  history  began. 

I  have  shown  by  facts  in  "Levee  Theory  Tested  by  Facts,"  images 
347  and  348,  that  low-stage  action  lowers  the  river  in  its  bed  locally 
for  the  time,  but  that  high-stage  action  raises  it,  which  is  proof  that 
surj^lus  energy  works  evil.  The  high-stage  action  predominates,  for 
the  Mississipi^i  River  Commission  Report  for  1883,  images  281-286,  fur- 
nishes facts  showing  increase  of  Avidth.  This  is  also  proof  that  surplus 
energy  in  time  of  flood  is  exjiended  in  lateral  erosion  rather  than  in 
vertical  scour.  As  the  river  widens  it  must  shoal,  else  sectional  area 
and  channel  cai)acity  would  increase,  and  from  such  increase  less  neces- 
sary work  and  more  surjilus  would  surely  follow,  a  tendency  which  con- 
sei*vatiA-e  adjustments  will  not  allow. 

The  dynamic  vieAv,  hinted  at  rather  than  presented  in  this  discus- 
sion, is  not  sufficiently  developed  to  Avarrant  the  present  bringing  for- 
ward of  a  ijlan  to  replace  those  it  condemns,  though  the  general  char- 
acter of  such  a  plan  is  plainly  indicated.  It  must  be  based  on  equali- 
zation of  volume,  as  that  idea  stands  in  contrast  to  the  concentration 
of  vohime,  which  the  jetty  lessons  haA'e  been  supposed  to  favor. 

Mr.  Corthell's  ninth  and  final  lesson  touches  upon  a  large  subject, 
and  one  not  i^eculiar  to  jetty  experience. 

A.  C.  Savage,  M.  Am.  Soc.  C.  E. — Can  the  same  conditions  be  as- 
sumed to  exist  at  points  along  the  channels  of  the  great  alhivial  streams 
that  render  the  jetty  system  the  most  proper  for  the  moixths  of  these 
streams  ? 

Without  having  the  figures  at  hand  for  present  reference,  I  Avould 
say  that  the  increase  of  the  flood  volume  of  the  Red  River  due  to  the 
removal  of  the  raft  aboA'e  Shrevejiort,  La. ,  and  the  partial  closing  of  the 
auxiliary  channels  on  the  west  side  of  the  stream,  have  resulted  in  the 
scouring  away  of  a  much  wider  channel  than  formerly  existed,  and  in  the 
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increased  overflow  of  the  adjacent  country  to  such  an  extent  as  to  cause 
the  total  abandonment  of  a  number  of  plantations  which  were  formerly 
in  a  high  state  of  ciiltivation. 

This  state  of  affairs  exists  to  such  an  extent  as  to  cause  the  examina- 
tion during  the  past  year  of  Bayou  Pierre,  to  ascertain  the  feasibility  of 
reopening  that  channel  for  navigation  and  so  relieving  Red  River. 

Without  i^retending  to  decide  so  important  a  proldem,  it  would  ap- 
pear to  me  that  a  system  of  auxiliary  high-water  channels,  in  conjunc- 
tion with  the  judicious  straightening  of  the  main  channel,  would  tend 
to  a  solution  of  the  difHculties  presented  by  those  streams.    . 

Paper  291,  Trans.  Am.  Soc.  C.  E.  "  Levee  Theory  Tested  by 
Facts,"  by  Robert  E.  McMath,  M.  Am.  Soc.  C.  E.,  seems  to  me  to  pre- 
sent conclusive  arguments  against  an  exclusive  system  of  concentration 
by  levees. 

That  dikes  or  levees  are  available  at  many  points  to  correct  local 
troubles,  is,  I  think,  undoubtedly  true. 

That  a  complete  system  of  levees  for  the  Mississippi,  or  for  any 
streams  of  the  same  character,  having  in  view  the  defining  of  a  perma- 
nent channel  and  banks  throughout  it^  length  can  be  made  ijractically 
successful,  I  should  find  it  difficult  to  believe. 

O.  Chantjte,  M.  Am.  Soc.  C.  E. — I  think  it  not  improbable  that  a 
good  many  Members  have  failed  to  realize  the  practical  application  to 
be  made  of  some  of  the  statements  in  Mr.  Corthell's  paper,  and  in  Col. 
Merrill's  disciission  of  it,  for  want  of  a  little  preliminary  information. 

This  probably  arises  from  the  fact  that  the  discussion  thus  far  has 
bordered  on  an  important  public  question,  and  that  while  these  gentle- 
men have  been  stating  general  principles,  they  have  had  chiefly  in  mind 
their  application  to  one  jiarticular  place. 

I  take  it  that  the  real  question  at  issue  is  whether  the  jetties  as 
planned  and  partly  built  at  Galveston,  will  or  will  not  prove  a  success, 
and  whether  it  is  advisable  for  the  Government  to  enter  into  a  contract 
with  Mr.  Eads  (or  some  one  else)  for  the  improvement  of  the  entrance 
to  Galveston  Harbor. 

Having  visited  Galveston  this  winter,  in  the  interest  of  some  con- 
tractors, to  see  if  there  was  any  money  to  be  made  by  putting  in  an 
adverse  proposition,  and  having  decided  that  there  was  not,  I  am  per- 
haps in  a  i^osition  to  give  such  explanatory  statements  that  the  subject 
may  be  further  discussed  by  the  Members  of  this  Society.  The  facts, 
as  I  gathered  them,  seem  to  be  as  follows: 

The  works  for  securing  an  entrance  across  Galveston  Bar  (over 
which  there  was  then  11  or  12  feet  of  water)  were  planned  in  1874  by 
the  Government  engineers.  These  works  consisted  of  two  jetties 
about  2j  miles  apart,  the  South  Jetty  being  planned  abreast  of  the 
northerly  end  of  Galveston   Island   (on  which   the   city  is  built)  and 
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the  North  Jetty  being  located  some  distance  above  the  southerly  end  of 
Bolivar  Peninsula.  The  distance  between  these  two  points  of  laud 
(Galveston  Island  and  Bolivar  Peninsula)  is  about  9  000  feet,  and  in 
this  "gorge  "the  sweep  of  the  tides,  going  in  and  out  of  Galveston 
Bay,  which  covers  some  451  square  miles  of  area,  maintains  a  channel 
of  at  least  30  feet  of  water,  there  being  some  holes  as  much  as  50  feet 
deep. 

The  crest  of  the  bar  is  about  4  miles  out  from  the  shore,  and  with  a 
few  variations  of  level,  it  is  continuous,  thus  cutting  off  access  to  the 
harbor,  excejit  for  vessels  of  shallow  draft,  and  compelling  much  of  the 
commerce  of  the  port  to  be  lightered  out  to  ships  lying  in  the  offing, 
at  a  cost  of  some  $2  a  ton. 

The  works  as  planned,  were  expected  to  produce  a  depth  of  18  feet 
across  this  bar,  and  this  was  then  thought  sufficient  for  the  commerce 
of  the  port.  Since  then,  the  benefits  which  have  resulted  by  the  Jetties 
at  the  South  Pass,  in  giving  30  feet  depth  to  New  Orleans,  have  made  it 
evident  that  it  is  advisable  to  secure  more  than  18  feet  of  water  into 
Galveston  Harbor,  if  j^ossible. 

Work  was  first  started  upon  the  North  Jetty,  and  a  portion  of  it  was 
built.  This  was  attempted  to  be  done  with  "gabions,"  these  being 
great  baskets  of  woven  brush,  some  9  feet  long,  and  plastered  over 
with  cement,  with  plank  l)ottom  and  top,  and  filled  with  sand,  after 
they  were  placed  in  position. 

The  experiment  failed;  the  gabions  were  buffeted  by  the  waves, 
destroyed,  carried  away,  or  swallowed  up  by  the  sand  on  which  they 
rested,  and  all  trace  of  them  has  now  disappeared.  The  plan  was  given 
up  in  1879,  after  sj^ending  a  large  sum  of  money,  and  nothing  now 
exists  of  this  North  Jetty. 

In  1880,  jdans  were  made  for  building  these  jetties  of  brush  mat- 
tresses, weighted  and  anchored  down  with  rip-rap  stone,  at  an  estimated 
cost  of  ^1  825  813,  and  work  was  begun  upon  the  South  Jetty  ^^nder 
yearly  appropriations  from  Congress.  This  South  Jetty  has  now  been 
built  out  4i  miles,  ujjon  a  location  difiering  somewhat  from  that 
originally  proposed.  It  joins  the  shore  at  the  northern  extremity  of 
Galveston  Island,  which  is  called  Fort  Point,  and  was  built  up  to  low 
water,  except  a  low  place  about  3  miles  from  the  shore,  which  was  not 
completed  when  the  funds  ran  out.  This  has  been  accomijlished  at  a 
cost  of  some  $975  000,  of  which  the  City  of  Galveston  has  furnished 
SlOO  000,  under  circumstances  which  will  be  stated  hereafter. 

This  South  Jetty  is  from  60  to  120  feet  wide  across  the  base,  accord- 
ing to  the  depth  of  water,  and  was  originally  from  5  to  12  feet  high.  It 
is  composed  of  alternate  courses  of  brush  mattresses— about  1.7  feet 
high,  and  generally  30  x  35,  30  x  45,  and  30  x  90 — so  arranged  as  to  break 
joints  and  secure  a  bond.  These  mattresses  are  weighted  down  Avith 
stone,  in  the  proportion  of  about  one  cubic  yard  of  stone  to  eyery  three 
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cubic  yards  of  mattress,  and  the  aggregate  cost  has  been  about  $B  i>ev 
cubic  yard  of  jetty.  Since  it  was  built  it  has  settled  down  from  2  to  5 
feet,  partly  by  compression  of  the  brush  and  partly  in  consequence  of 
the  ravages  of  the  teredo  navalis,  which  is  exceedingly  active  in  those 
Southern  waters,  and  which  eats  uj)  even  the  smallest  twigs,  if  it  can 
get  access  to  them. 

It  was  originally  expected  that  the  stone  on  top  of  the  mattresses, 
the  sand  brought  in  by  the  waves,  and  the  marine  shells  of  various 
molluscs,  would  prove  an  effective  protection.  These  expectations  have 
not  been  realized,  and  a  j)ortion  at  least  of  the  jetty  has  been  eaten  np 
and  injured  by  the  teredo.  How  far  this  injury  has  gone  cannot  be  told 
without  a  special  examination  with  divers,  or  other  appropriate  method, 
for  in  consequence  of  its  settling,  the  jetty  is  now  throughout  from  1 
to  5  feet  under  water  at  low  tide,  and  there  is  8  feet  of  water  over  the 
low  place  near  the  outer  end. 

The  jetties  were  originally  planned  to  be  wholly  submerged.  I 
believe  it  was  intended  that  there  should  be  3  or  4  feet  of  water  over 
them  at  low  tide.  They  were  therefore  designed  to  stop  short  of  the 
shore  where  they  reached  that  depth  of  water,  and  hence  arises  the  idea 
of  the  "lateral  outlets"  near  the  land  which  Mr.  Corthell  criticizes,  but 
which  Col.  Merrill  denies.  The  South  Jetty,  the  only  one  built,  extends 
as  has  been  said  clear  to  the  shore,  and  I  believe  it  is  now  conceded 
that  it  should  be  raised  up  to  low  water  at  least,  in  order  to  be  thor- 
oughly effective. 

It  will  be  noted  from  the  foregoing  statements  that  the  works  at 
Galveston  are  in  a  very  incomplete  condition.  Where  two  jetties  were 
l)lanned  in  1874,  but  one  has  been  built.  This  even  is  not  complete, 
and  it  has  been  constructed  neither  on  the  location  nor  upon  the  plan 
originally  proposed,  while  it  extends  to  the  shore,  instead  of  stopi^ing 
short  of  it. 

The  eft'ect  of  this  one  jetty  has  been,  by  acting  as  a  training  wall,  and 
deflecting  the  currents  near  its  outer  end,  to  produce  a  small  local  chan- 
nel about  two  feet  deei^er  than  the  rest  of  the  bar,  giving  entrance  to 
the  harbor  to  vessels  drawing  12  to  14  feet  of  water.  Even  this  small 
benefit  has  been  denied  in  the  recent  controversy,  but  I  think  myself, 
from  local  information,  that  it  may  fairly  be  said  to  exist,  and  to  have 
been  produced  by  the  jetty  in  the  condition  in  which  it  was  in  1882. 

Unfortunately,  as  it  afterwards  turned  out,  the  Government  engineer 
in  charge  of  these  works,  encouraged  by  this  partial  success,  and  by 
his  greater  success  at  Aransas  Pass  Bar,  where  a  single  jetty,  acting  as 
a  training  wall,  has  caused  a  scour  across  the  bar  6^  feet  deep,  was  led 
to  expect  still  greater  results  from  the  completion  of  the  one  jetty  then 
in  course  of  construction  at  Galveston,  and  when  Congress  failed  to  pass 
the  harbor  appropriation  for  1883,  he  gave  the  Galveston  peoijle  to  un- 
derstand that  the  expenditure  of  $100  000  more  would  effect  the  entire 
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completion  of  the  South  Jetty,  and  that,  in  his  opinion,  this  would  result 
in  a  channel  18  feet  deep  by  the  ensuing  fall. 

Being  vitally  interested  in  the  success  of  these  works,  which  had 
been  dragging  since  1874,  the  people  of  Galveston  raised  the  iB^lOO  000  by 
an  issue  of  local  bonds,  and  turned  it  over  to  the  Government,  with  no 
other  condition  than  that  it  should  be  expended  on  the  jetty. 

The  money  was  received  and  spent,  Imt  the  result  Avas  practically 
nothing. 

The  people  of  Galveston  then  lost  faith  in  the  success  of  the  Govern- 
ment works,  and  in  November,  1883,  a  committee  of  Aldermen  and  citi- 
zens addressed  a  letter  to  Mr.  Eads,  then  in  England,  asking  him 
whether  he  woixld  undertake  the  work  of  deepening  the  water  on  Gal- 
veston Bar;  how  long  it  would  require  to  complete  the  works;  what 
would  be  their  probable  cost;  and  for  what  sum  per  annum  he  would 
guarantee  to  maintain  such  depth  as  he  expected  to  obtain? 

That  master  of  hydraulic  engineering,  who  had  up  to  that  time  re- 
fused repeatedly  to  exjaress  any  opinion  upon  the  probable  success  of  the 
Government  works  at  Galveston,  answered  to  this  address  of  the  people 
that  he  was  thoroughly  familiar  with  their  harbor;  that  a  less  channel 
depth  than  30  feet  should  not  be  contemplated  by  the  city ;  that  he  would 
not  be  willing  to  undertake  to  secure  this  unless  entirely  untrameled 
in  planning  the  works,  and  all  needed  appropriations  must  be  secured 
in  advance;  that  he  should  make  a  very  different  location  of  the  works 
from  that  of  the  Government;  and  that  he  would  undertake  them  on 
the  principle  of  "no  cure,  no  pay  "  for  a  gross  sum  of  §7  750  000,  and  in 
addition  an  annual  payment  of  §100  000  for  ten  or  twenty  years,  for  the 
guaranteed  maintenance  of  the  Avorks;  but  that  under  no  circumstances 
would  he  consent  to  urge  upon  Congress  the  i^assage  of  any  act  in  the 
premises. 

This  correspondence  formed  the  basis  for  the  bill  pending  before  the 
late  Congress  (Senate  Bill  1  652),  which,  however,  failed  to  pass,  although 
supported  by  the  almost  unanimous  efforts  of  the  peojjle  of  Galveston 
and  of  the  Texas  delegation  in  Congress. 

The  issue  therefore  is  as  to  what  the  result  will  be  if  the  Government 
works  be  completed.  They  are  not  half  done,  and  it  is  evident  that  the 
second  or  North  Jetty  must  be  built.  A  location  for  this,  differing  from 
the  original  location,  was  proisosed  in  the  last  yearly  report  of  the  en- 
gineer-in-charge,  it  being  ujion  a  curved  line  gradually  approaching  the 
South  Jetty,  and  leaving  an  oldening  of  about  6  000  feet  between  them 
at  the  outer  end.  This  has  not  yet  been  adopted,  but  it  is  estimated  by 
Colonel  Manslield  (Colonel  Merrill's  paper,  page  227)  that  it  may  be 
built  for  $2  000  000,  while  the  South  Jetty  can  be  raised  above  high 
water  for  $1  000  000  more. 

Mr.  Eads,  on  the  other  hand,  says  that  the  South  Jetty  is  erroneously 
located,  and  he  intimates  that  he  would  disregard  it  altogether  in  plan- 
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ning  works  to  give  a  30-foot  depth.  This  is  probably  in  consequence  of 
the  fact  that  instead  of  being  located  close  to  the  thread  of  the  main  cur- 
rent, which  issues  from  the  "  gorge,"  it  is  most  of  the  way  nearly  a  mile 
from  it.  To  save  expense,  it  has  been  built  in  shallow  water,  near  the 
top  of  the  subaqueous  hill,  instead  of  being  near  its  bottom,  and  hence 
the  issuing  current  is  retarded  by  friction  over  the  bed  of  the  intervening 
space.  This  probably  resulted  from  the  fact  that  the  original  plans  only 
contemplated  obtaining  18  feet  of  water,  and  hence  it  was  not  deemed 
important  to  squeeze  the  current  between  the  jetties  in  order  to  obtain  as 
much  scour  as  possible. 

It  seems  to  me,  therefore,  that  in  considering  the  difference  between 
the  estimate  of  Mr.  Eads  and  that  of  the  Government  engineers,  we 
should  also  consider  the  results  which  may  be  expected  to  follow.  Mr. 
Eads  proposed  to  guarantee  30  feet  of  water,  not  only  over  the  bar,  but 
along  the  city  wharves,  where  it  does  not  now  exist,  and  as  he  offers  to 
maintain  the  Avorks  for  ten  years,  he  would  be  compelled  not  only  to 
make  them  permanent,  but  to  protect  them  against  the  teredo,  either  by 
building  them  of  concrete,  or  by  thoroughly  creosoting  whatever  wood 
he  may  use  in  them.  For  this  he  asks  .f  7  750  000,  payable  as  fast  as  the 
results  are  accomjDlished,  and  -SlOO  000  a  year  for  maintenance  during 
ten  years. 

The  estimate  in  Colonel  Merrill's  paper  is  i^S  000  000  for  the  comple- 
tion of  the  Government  works.  This,  however,  includes  nothing  for 
the  inner  harbor,  but  refers  only  to  the  jetties.  These  were  planned 
originally  to  obtain  18  feet;  but  as  only  one  has  been  built,  the  other 
may  be  relocated  so  as  to  j^roduce  greater  results.  It  has  lately  been 
contemplated  by  the  Government  engineers  that  a  depth  of  channel 
might  be  obtained  across  the  bar  of  at  least  25  feet.  As  this  result  can 
only  be  guaranteed  by  a  contract,  we  shall  have  to  be  satisfied  in  this 
case  with  a  strong  probal)ility. 

The  question  therefore  recurs :  What  depth  of  water  will  the  Gov- 
ernment works,  if  completed  as  suggested,  give  over  Galveston  Bar,  and 
how  permanent  will  thev  j^rove  ? 

I  hope  that  the  discussion  upon  Mr.  Corthell's  and  Col.  Merrill's 
papers  will  develop  the  opinions  which  are  entertained  upon  this  ques- 
tion. 

Thus  far  the  effect  of  the  controversy  has  been  to  delay  a  much- 
needed  public  improvement.  Galveston  is  the  nearest  seaport  for  a  very 
large  portion  of  the  Southwest,  comj^rising  Texas,  Kansas,  Colorado  and 
New  Mexico,  and  the  rapidly  growing  population  of  those  States  is 
already  hampered  for  want  of  an  adequate  outlet  to  the  sea.  It  is  there- 
fore important  that  the  work  should  be  resumed  soon,  and  pushed  to 
completion  as  fast  as  possible. 

I  thoroughly  agree  with  Mr.  Corthell  in  condemning  the  present 
congressional  method  of  doling  out  (or  withholding)  annual  appropria- 
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tions  for  carrying  on  important  works  which  depend  upon  rapid  pro- 
gress for  their  success.  Such  a  method  is  expensive,  and  sometimes 
disastrous,  and  should  not  be  allowed  to  continue  in  Government  works. 

Capt.  W.  H.  BixBY,  M.  Am.  Soc.  C.  E. — Since  the  discussion  on  this 
paper  has  been  opened,  I  feel  in  duty  bound  to  add  a  few  words  against 
what  I  consider  unjust  criticisms  and  unjust  reflections  therein  made 
upon  the  United  States  Corps  of  Engineers. 

I  do  not  think  that  the  American  Society  of  Civil  Engineers,  as  a 
body,  desires  its  Transactions  used  as  a  vehicle  for  personal  adverse 
criticism  of  engineer  upon  engineer;  and  yet  this  criticism  seems  to 
have  been  one  and  the  "final"  object  of  Mr.  Corthell's  paper.  I 
believe  that,  like  myself,  every  Member  of  the  Society  read  Mr.  Cor- 
thell's article  with  brotherly  pride  and  pleasure,  as  long  as  he  confined 
himself  to  the  praise  of  Mr.  Eads  and  the  description  of  the  excellent 
work  done  by  him.  But  I  believe  also  that,  like  myself,  a  great  many 
Members  of  the  Society  regretted  the  unnecessary  disparagement  of  the 
woz"k  of  other  engineers,  and  especially  of  a  corps  which  has  been  noted 
abroad  and  at  home  for  its  wise,  thorough,  conscientious  and  honest 
administration  of  the  various  hydrographic,  topographic,  geodetic  and 
other  civil  engineering  work  entrusted  to  it  by  the  Congress  of  the 
United  States  since  1802.  I  admire  Mr.  Eads  for  what  he  has  done,  and 
not  for  what  other  people  may  have  left  undone.  Mr.  Eads  possesses  a 
hard-earned  and  well-merited  reputation  for  his  excellent  work  upon 
the  Mississippi  Monitors,  the  St.  Louis  Bridge,  and  various  other  works, 
as  well  as  upon  the  South  Pass  Jetties.  But  this  is  no  reason  why  the 
work  of  the  other  engineers  should  be  denied,  or  even  ignored,  by  his 
historians.  The  "lessons"  drawn  by  Mr.  Corthell  are  in  many  cases 
unfair  and  unjust;  and  their  unfairness  can  only  be  excused  on  the  sup- 
position that  he  is  ignorant  of  what  happened  prior  to  1874,  and  ignores 
what  may  happen  after  1884. 

The  improvement  of  the  bars  of  the  Mississippi  dates  from  1837, 
when  Mr.  Eads  was  a  small  boy.  The  present  method  of  improvement 
by  "parallel  jetties"  at  the  mouth  of  the  passes,  combined  with  "the 
closure  of  lateral  outlets,  if  necessary,"  was  recommended  to  Congress 
by  the  United  States  Corps  of  Engineers  in  1852,  before  Mr.  Eads,  as 
an  engineer,  had  hardly  had  time  to  find  out  that  the  Mississippi  River 
had  a  bar  at  its  mouth.  And  the  present  successful  results  might  have 
been  obtained  years  before  Mr.  Eads  took  hold  of  the  work  if  Congress 
had  not  handicaijped  the  Corjis  of  Engineers  by  specifying  that  the 
work  must  be  done  "by  contract,"  and  further  by  reducing  the  desired 
appropriations  to  amounts  totally  inadequate  to  the  required  work. 

The  Corps  of  Engineers  are  the  servants  of  the  people,  not  their 
masters.  The  recommendations  of  the  Corps  of  Engineers  have  always 
been  made  according  to  their  own   best  judgment.     But  their  actual 
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work  has  always  been  restricted  to  what  has  been  ordered  by  the  people 
through  its  authorized  mouthpiece,  Congress. 

The  recommendations  of  the  Corps  of  Engineers  to  Congress  in  1852 
were  as  follows: 

1st.  That  the  process  of  stirring  up  the  bottom  by  suitable  machin- 
ery should  be  tried. 

2d.  If  this  failed,  that  dredging  by  buckets  should  be  tried. 

3d.  If  both  these  modes  failed,  that  parallel  jetties  should  be  con- 
structed, five  miles  in  length,  at  the  mouth  of  the  Southwest  Pass,  to  be 
extended  into  the  gulf  annually  as  experience  should  show  to  be  neces- 
sary. 

4:tli.  Should  it  then  be  needed,  that  the  lateral  outlets  should  be 
closed. 

Finally,  should  all  these  fail,  a  ship  canal  might  be  resorted  to. 

And  further,  that  there  should  be  two  jetties,  one  on  each  side  of  the 
channel,  each  jetty  to  be  14 J  feet  wide  and  composed  of  piles  2  feet 
apart. 

In  1852,  Congress  voted  ^75  000  for  this  work,  with  the  requirement 
that  the  work  should  be  done  by  contract.  This  money  was  spent  in 
dredging  at  the  Southwest  Pass,  with  results  fully  as  successful,  dollar 
for  dollar,  as  is  the  dredging  at  present  being  done  by  Mr.  Eads.*  Dur- 
ing the  three  following  years.  Congress  failed  to  appropriate  any  money 
for  the  continuation  of  this  work,  and  the  channel  gradually  filled  up 
again,  just  as  it  does  to-day  when  Mr.  Eads'  dredges  stop  Mork.t  and 
probably  just  as  it  will  fill  up  in  the  next  three  years,  if  Congress  fails 
to  appropriate  the  money  to  pay  for  the  continuation  of  such  work. 

In  1856,  Congress  voted  $330  000  for  opening,  and  keeping  open  for 
five  years,  the  Southwest  Pass  and  the  Pass  a  I'Outre,  with  the  require- 
ment as  before,  that  the  work  should  be  done  by  contract.  In  accord- 
ance with  the  recommendations  of  the  Corps  of  Engineers,  Messrs. 
Craig  &  Rightor,  as  contractors,  made  propositions  to  construct  par- 
allel or  converging  jetties  on  the  bars  and  to  combine  this  work  with 
the  closure  of  the  minor  passes.  As  in  olden  times  it  was  found  impos- 
sible to  make  good  bricks  without  sufiicient  straw,  so  in  Craig  &  Rightor's 
time  it  was  found  impossible  to  do  good  engineering  work  without  suffi- 
cient money;  and  the  $330  000  proved  insufficient  at  that  time  to  do 
work  which  has  since  been  but  partly  done  by  Mr.  Eads  at  an  expense 
of  several  millions.  The  failure  of  the  contractors  to  do  the  promised 
work,  the  requirement  of  Congress  that  the  work  should  be  done  only 
by  contract,  and  the  War  of  1861-65,  put  a  stop  for  several  years  to  any 
continuation  of  the  system  of  improvement  by  jetties  and  dredging. 

*This  foot-note  added  by  Capt.  Bixby  subsequently  to  the  closing  of  the  discussion: 
This  should  be  corrected  to  read  "  as  by  the  dredging  lately  done  by  Mr.  Eads." 

t  This  foot-note  added  by  Capt.  Bixby  subsequently  to  the  closing  of  the  discussion: 
Tills  should  be  corrected  to  read  "  when  Mr.  Eads  stops  all  work." 


DISCUSSION    ON"   THE    SOUTH    PASS   JETTIES.  357 

On  the  25tli  of  Februaiy,  1860,  Captain  A.  A.  Humphreys,  Corps  of 
Engineers,  Avrote  as  follows: 

"The  bars  at  the  mouth  of  the  Mississipjii  River  are  always  form- 
ing, and  a  perpetual  annual  expenditure  must  be  incurred  to  increase 
permanently  the  depth  of  water  upon  them.  In  this,  all  engineers  who 
have  written  upon  the  subject  agt^e.  The  appropriations  for  that  object 
have,  however,  been  given  irregularly,  and  at  intervals  of  several  years; 
so  that  the  deepening  of  the  channels  effected  by  one  appropriation  has 
been  filled  in  long  lief  ore  the  passage  of  the  next.  In  fact,  l)y  the  omis- 
sion of  the  work  of  a  single  season,  the  bars  may  return  to  their  oi'igi- 
nal  condition.  To  be  of  practical  benefit  to  navigation,  the  depth  of  the 
<-hannels  must  be  permanently  increased,  a  condition  that  could  never 
be  obtained  under  the  system  of  appropriations  heretofore  followed. 

"It  may  be  remarked  that  the  requirements  of  the  ajJi^ropriation  act 
of  1856,  that  the  work  must  be  done  l)y  contract,  has  been  one  source  of 
the  defect  of  continuity  in  the  operation,  and  the  failure  to  maintain 
the  increased  depth  after  it  was  attained;  for  the  failure  of  contractors 
to  continue  the  deepening  could  only  be  ascertained  after  the  shoaling, 
arising  from  neglect,  had  occurred.  Then  new  contracts  had  to  be  en- 
tered into,  and  thus  additional  time  was  lost  during  the  season  for  suc- 
cessful dredging  and  of  commercial  activity.  But  no  plan  whatever  will 
prove  of  practical  benefit  to  navigation  unless  a  permanent  fund  be  pro- 
dded, untrammeled  by  restrictions  as  to  the  mode  of  expenditure,  from 
which  a  suflBcient  sum  annually  can  be  relied  upon  for  the  continuous 
prosecution  of  the  work  after  the  channel  has  once  been  opened. 

"A  word  upon  the  jslan  of  deepening  the  channels  by  the  construc- 
tion of  jetties  on  the  bars,  which  Mr.  Ellet  states  is  in  violation  of  the 
law  controlling  the  formation  of  the  bars. 

"The  experiments  made  by  me  demonstrate  that  this  plan  is  based 
upon  correct  principles,  and  is  in  accordance  with  the  law  under  which 
the  bars  are  formed. 

"  The  plan  of  jetties  has  not  been  tried  at  the  mouth  of  the  Missis- 
sippi to  a  suflScient  extent  to  show  whether  it  would  be  effectual  or  not, 
for  the  contractors  merely  built  one  insecure  jetty  of  a  single  row  of  pile 
planks,  about  a  mile  long,  on  one  side  of  the  channel,  whereas  the  Board 
of  1852  recommended  two  jetties,  each  14^  feet  wide,  composed  of  piles 
2  feet  apart,  one  on  each  side  of  the  channel,  each  5  miles  long,  if  stir- 
ring up  the  bottom  and  dredging  should  fail. 

"It  is  i^robable,  however,  that  the  plan  of  stirring  up  the  bottom  is 
the  more  economical  one  of  the  two. " 

The  Captain  Humphreys  of  1860  became  General  Humphreys,  Chief 
of  Engineers,  a  few  years  later,  and  was  still  Chief  of  the  Corps  of  Engi- 
neers of  the  U.  S.  Army  when  Mr.  Eads  commenced  operations  upon  the 
Mississippi  Jetties.  The  recommendations  of  the  Board  of  Engineers  in 
1852,  and  the  statements  of  Captain  Humphreys  in  1860,  are  facts  which 
must  not  be  denied  or  ignored  by  any  one  endeavoring  to  draAV  just  in- 
ferences as  to  the  present  work  upon  the  South  Pass  Jetties. 

The  criticism  of  foreign  engineers  is  often  more  to  be  depended  upon 
than  that  of  home  engineers,  because,  while  seeing  all  the  good  features 
of  an  engineering  construction,  they  are  free  from  party  bias  or  preju- 
dice. Let  us  see  then  what  a  French  Engineer  has  to  say  about  the 
South  Pass  Jetties  (see  remarks  of  M.   Cadart,  French   Governmental 
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Civil  Engineer,  Fonts  et  Chaussees)  in  tlie  November,  1884,  number  of 
Atmales  des  Fonts  ei  Chaussees). 

While  stating  that  tlie  jetties  have  in  general  been  successful,  M. 
Cadart  adds  that  their  action  is  also  felt  over  a  fan-shaped  area  of  more 
than  one  square  mile  in  extent,  and  that  for  some  time  the  bed  of  this  area 
has  been  so  raised  by  this  action  of  the  jetties  that  it  is  not  yet  possible 
to  decide  whether  the  improvement  of  the  mouth  of  the  river  will  be  per- 
manent or  not. 

As  a  mere  matter  of  opinion,  I  think  that  there  are  quite  a  number 
of  Members  of  this  Society  who,  while  patiently  awaiting  the  devel- 
opment of  the  next  ten  years,  are  not  yet  prepared  to  deny  that  the  jet- 
ties may  still  be  undermined;  that  their  foundations  may  still  prove  ^^n- 
stable;  that  the  bar  may  still  advance  more  rapidly  toward  the  gulf;  that 
the  present  channel  may  fill  up  rapidly  as  soon  as  the  present  dredging 
stops;*  and  that  the  ship  canal  may  finally  have  to  be  resorted  to  as  the 
only  permanent  method.  It  is  to  be  hoped  that  the  present  generation, 
at  least,  will  be  spared  such  developments;  but  I  think  we  are  not  as  yet 
in  a  position  to  authoritatively  state  the  contrary. 

With  the  above  facts  and  opinions  before  us,  let  us  glance  again  at 
the  lessons  deduced  by  Mr.  Corthell  from  work  done  at  the  South  Pass 
between  1874  and  1884. 

Mr.  Corthell  says  : 

"First. — Dispersion  shoals — concentration  deepens.  The  oi;tlet 
theory  is  disproved,"  etc. 

As  Col.  Merrill  has  already  stated,  all  this  was  known,  and  its  prin- 
ciples practiced  with  moderate  success  both  abroad  and  in  the  United 
States  prior  to  1852. 

Mr.  Corthell  adds: 

"  Second. — The  flood  volume  of  the  river  and  the  full  volume  of  the 
tide  are  the  powers  which  the  engineer  should  bring  to  his  aid.  Jetties 
should  be  brought  above  the  surface  of  the  water  at  flood  tide;  outlets 
should  not  be  left  through  them;  and  the  jetties  should  be  placed  as 
near  each  other  as  the  volume  and  current  passing  in  and  out  show  to 
be  necessary  for  making  a  channel  of  adequate  depth  and  width  in  the 
shortest  possible  time.  Construction  upon  opposite  jjrinciples  has  re- 
sulted in  complete  failure  at  Galveston  and  Charleston." 

As  regards  the  Mississippi  outlets,  this  is  just  what  the  Corps  of 
Engineers  recommended  in  1852,  but  what  they  could  not  do  for  lack 
of  money. 

As  regards  Galveston  and  Charleston,  the  facts  do  not  justify  the 
criticisms.  Just  as  economy  and  the  certainty  of  insufficient  funds  have 
caused  many  a  man  to  build  for  himself  a  small  and  one-stoned  house, 
to  which  he  expected  to  add  enlargements  and  a  second  story  when  re- 

*This  foot-note  added  by  Capt.  Bixby  subsequently  to  the  closing  of  the  discussion: 
This  should  be  corrected  to  read  "as soon  as  the  present  work  is  entirely  completed." 
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quired  by  his  needs  and  permitted  by  his  funds,  so  have  similar  reasons 
caused  the  Corj^s  of  Engineers  to  first  buikl  submerged  jetties,  which 
they  expected  later  to  enlarge  and  raise  above  water  as  necessity  should 
require  and  funds  would  permit.  Mr.  Corthell  has  seen  at  Galveston 
only  the  foundations  and  lower  story  of  one-half  of  the  house;  has  mis- 
taken them  for  the  whole  house;  and  has  ventured  a  sweeping  condem- 
nation of  the  unfinished  structure  and  its  architect.  His  mistake  at 
Charleston  is  one  of  similar  quality  but  less  quantity. 
Mr.  Corthell  adds: 

"  Fifth. — The  works  at  the  head  of  the  passes  have  proved  that  wil- 
lows and  brush,  used  for  simply  slacking  the  current,  will  cause  depos- 
its and  improve  the  contiguous  channels.  *  *  This  system  *  * 
has  been  adopted  by  the  Army  Engineers  throughout  the  Mississippi 
Valley,  and  it  may  he  copied  advantageously  by  the  older  nations  of 
Euroi^e,  where  the  same  materials  have  long  been  used  for  similar  pur- 
poses, but  with  much  less  economy  and  benefit." 

In  behalf  of  classmates  in  European  schools,  and  of  brother  mem- 
bers in  Euroi^ean  Societies  of  Engineers,  I  insist  that  full  credit  is  due 
them  for  this  whole  system ;  that  they  have  for  years  enunciated  and 
practiced  its  principles;  and  that  American  engineers  are  not  entitled  to 
credit  for  anything  else  but  the  efficient  way  in  which  they  have  worked 
up  its  details.  The  tail  may  be  a  fine  tail,  but  I  object  to  its  being  al- 
lowed to  wag  the  whole  dog. 

Mr.  Corthell  adds : 

'^Finally. — A  lesson  may  be  drawn  from  this  matter  concerning  the 
proi)er  mode  of  carrying  on  i^ublic  engineering  Avork.  That  lesson  is, 
as  it  appears  to  the  writer,  that  the  Government  should  summon  to  its 
aid  the  best  engineering  talent  within  its  reach,  and  should  not  give  the 
general  or  exclusive  charge  of  public  improvements  into  the  hands  of 
engineers  educated  to  conduct  works  of  a  totally  different  character. 

"  Let  the  doors  be  thrown  oi)en  freely  to  all  engineers  fitted  by  edu- 
cation and  exj^erience  for  the  service  required. 

"  In  connection  with  this  lesson,  it  is  a  suggestive  fact  that  no  other 
civilized  country  puts  its  river  and  harbor  imjirovements  into  the  hands 
of  other  than  civil  engineers." 

The  results  arrived  at  by  Mr.  Corthell  are  undoubtedly  sound,  but 
they  either  have  no  connection  with  the  i^receding  premises,  or  they 
show  a  great  ignorance  as  to  the  present  and  past  history  of  Government 
engineering  in  the  United  States  and  abroad. 

As  has  already  been  shown,  the  present  method  of  improvement  of 
the  Passes  of  the  Mississipjii  was  recommended  to  the  Government  by 
the  Corps  of  Engineers  in  18.52;  and  it  is  certainly  unjust  to  blame  the 
Engineer  Corj^s  because  its  recommendations  were  not  followed. 

The  Government  should  certainly  summon  to  its  aid  the  best  engi- 
neering talent  within  its  reach;  it  has  always  done  so  in  the  past  (even 
Mr.    Corthell   acknowledges   this    in  his  paper,  where    he    says    that 
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Members  of  the  American  Society  of  Civil  Engineers  were  j^laced  upon' 
the  Commission  of  1874  for  this  very  work  of  improvement  of  the  Missis-' 
sippi's  mouth);  it  does  so  to-day;  it  will  pr6bably  alwiays  do  so  in  the 
future;  not,  however,  by  taking  such  work  away  frotn  its  own  spedlal 
Corps  of  Engineers;  not  by  handing  it  over  entirely  to  other  engineers 
who  have  not  been  fitted  by  education  and  experience  for  the  service  re- 
quired; but  by  calling  upon  specialists  to  serve  as  consulting  engineers 
upon  properly  authorized  engineer  commissions,  at  a  rate  of  pay  pro- 
portioned to  the  value  of  their  professional  opinion,  even  though  this 
might  exceed  that  of  a  whole  year's  salary  of  a  full  Colonel  or  Chief 
of  Engineers. 

The  Government  certainly  should  not  give  the  general  or  exclusive 
charge  of  public  improvements  into  the  hands  of  engineers  educated  to 
conduct  works  of  a  totally  diflPerent  character.  It  is  for  just  exactly  this 
reason  that  Congress,  by  Act  30th  April,  1824,  entrusted  its  road,  canal, 
river  and  harbor  works  to  the  Corps  of  Engineers  of  its  Army;  and  just 
exactly  for  this  same  reason  that  it  has  ever  since  then  continued  to  rejiose 
the  same  trust  in  the  same  corps.  Mr.  Corthell  appears  to  be  ignorant 
of  the  following  facts,  viz. :  That  James  McHenry,  Secretary  of  War,  by 
letter  of  31st  January,  1800,  urged  the  re-establishment  by  law  of  a  Mil- 
itary Academy  and  a  Corps  of  Engineers,  saying  that  "fortification  is 
but  a  single  branch  of  their  profession;"  "their  utility  extends  to  almost 
every  department  of  war,  and  every  description  of  general  offices, 
besides  embracing  whatever  respects  public  buildings,  roads,  bridges, 
canals  and  all  such  works  of  a  civil  nature;"  that  this  Military  Academy 
was  finally  established  for  the  sole  purpose  of  educating  such  engineers 
(Act  of  16th  March,  1802);  that  its  Professor  of  Mathematics  of  1805- 
10,  F.  K,  Hassler,  organized  in  1816  our  present  coast  survey  system, 
a  system  which  was  more  fully  developed  in  1843,  and  later  by  A.  D. 
Bache,  a  Military  Academy  graduate  of  1825;  that  its  graduates  have  as- 
sisted in  or  have  organized  all  the  other  grand  topographical,  geodetical 
and  astronomical  surveys  of  the  United  States;  that  until  the  late  rajjid 
development  of  the  United  States,  its  graduates  have  also  individually 
planned  and  constructed  almost  all  the  great  civil  engineering  works*  of 
the  country;  that  since  then  its  graduates  have  been  educated  as  before 
for  exactly  the  same  work ;  that  at  present  only  5  per  cent,  of  its  gradu- 
ates are  allowed  to  enter  the  Corps  of  Engineers,  showing  a  higher 
standard  of  requirement  for  such  engineers;  that  its  text-book  of  engi- 
neering (that  of  Professor  Mahan,  one  of  its  own  graduates)  is  to-day 
translated  and  known  all  over  Europe,  and  is  the  basis  of  every  American 
text-book  of  civil  engineering;  that  the  young  engineer- graduates  are 
first  sent  to  the  Headquarters  of  the  Engineer  Battalion  for  a  two-years' 
post-graduate  course  of  api)lied  civil  engineering,  after  which  they  serve 

*  This  foot-note  added  by  Captain  Bixby  subsequently  to  the  closing  of  the  discussion: 
This  should  be  corrected  to  read  "  a  large  proportion  of  the  great  civil  engineering  works." 
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an  apprenticesliip  under  an  older  engineer  before  being  put  in  direct 
charge  of  river  and  harbor  work;  and  that,  finally,  each  engineer-officer 
is  siibjected  to  a  si)ecies  of  civil  service  examination,  on  all  civil  as  well 
as  military  engineering  subjects,  at  each  step  of  promotion  fi-om  a  Lieu- 
tenant to  a  Major.  Anybody  and  everybody  who  has  carefully  examined 
this  matter  knows  the  above  to  be  facts,  and  therefore  knows  that  the 
Government  has  placed  the  general  charge  of  its  public  improvements 
in  the  hands  of  exactly  those  engineers  whom  it  has,  since  1802,  been 
educating  to  conduct  works  of  exactly  that  character. 

It  would  certainly  be  an  excellent  thing  if  the  doors  of  the  Govern- 
ment Ci\'il  Engineer  Service  could  be  thrown  open  freely  to  all  engineers 
fitted  by  education  and  experience  for  the  service  required,  provided 
that  they  are  at  the  same  time  to  be  kept  closed  against  all  others  not 
fitted  for  such  service.  Is  there  any  better  method  of  so  doing  than 
the  method  now  in  practice?  The  Military  Academy  at  West  Point 
is  opened  freely  to  all  young  men  from  all  quarters  of  the  United 
States,  with  no  resti'iction  as  to  race,  color  or  previous  condition  of  servi- 
tude. The  Engineer  Corps  is  open  freely  to  any  Military  Academy  cadet 
whose  high-class  standing  shows  a  probable  cajjability  for  the  duties  to 
be  afterwards  required  from  him.  Can  any  known  method  be  freer  or 
fairer  than  this,  and  is  there  any  other  known  and  tested  method  which 
guarantees  to  the  Government  such  a  constant  succession  of  reliable  and 
efficient  officers?  I  know  a  great  number  of  eminent  engineers,  who  are 
Members  of  the  American  Society  of  Civil  Engineers, whose  experience  is 
varied, whose  reputation  as  engineers  is  beyond  rej^roach,  and  who  would 
be  ornaments  to  any  corps  of  engineers — most  of  them  are  at  least  as  old 
as  Majors  in  the  Engineer  Corps — yet  I  doubt  much  whether  any  of  them 
have  had  any  experience  in  the  details  of  administration  and  disburse- 
ments such  as  Congress  requires  of  its  engineer-officers,  and  I  feel  very 
sure  that  very  few  of  these  men  would  be  willing  to  devote  any  large 
amount  of  their  time  to  such  details;  very  few,  if  any  of  these  men  would 
be  willing  to  exchange  their  permanent  homes,  their  various  oiitside  re- 
ligious, social,  political  and  business  interests,  and  their  proportionately 
large  net  incomes,  for  the  constantly  changing  homes,  the  isolation  from 
all  outside  interests,  and  the  proportionately  .small  net  incomes  of  a  Major 
or  Colonel  of  Engineers.  In  short,  those  Members  of  the  American 
Society  of  Engineers  who  are  fitted  by  education  and  experience  for  the 
service  required  by  Congress  from  its  Government  Engineer-Officers,  are 
exactly  the  ones  who  would  not  be  willing  to  devote  their  whole  time 
and  energy  to  the  Government  for  any  such  salary  as  the  Government 
now  pays  for  such  work. 

I  do  not  know  that  any  civilized  country  puts  its  river  and  harbor  im- 
provements into  the  hands  of  other  than  its  civil  engineers.  I  think  that 
I  have  shown  already  that  the  United  States  does  not  do  so.  At  the  same 
time  it  is  a  suggestive  fact  that  one  of  the  finest  corps  of  organized  gov- 
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eminent  civil  engineers  in  Europe  (that  of  France)  has  always  been  re- 
cruited exactly  as  the  United  States  is  at  present  recruiting  its  own  Gov- 
ernment Engineers.  In  order  to  become  a  member  of  the  French  Corps 
of  Government  Civil  Engineers,  viz.,  of  the  Corj^s  des  Fonts  et  Chaus- 
sees,  a  man  must  first  enter  the  Ecole  Polytechnique  (their  military 
academy),  as  in  the  United  States  he  must  first  enter  the  West  Point 
Military  Academy;  he  must  there  follow  a  course  of  study  from  which 
that  of  the  first  three  years  at  West  Point  has  been  copied;  after  this,  if 
he  stands  near  the  head  of  his  class,  he  is  allowed  to  follow  a  two-year 
course  of  study  at  the  post-graduate  school  of  Fonts  et  Chaussees,  a 
course  equally  comprehensive  with  that  of  the  last  year  at  West  Point 
combined  with  the  post-graduate  course  at  the  headquarters  of  the 
battalion  of  engineers  ;  after  this  he  is  admitted  to  the  corps  of 
engineers,  being  generally  assigned  at  first  to  duty  under  some 
older  officer,  exactly  as  is  done  in  the  United  States.  With  rare  ex- 
ceptions (those  of  assistant  engineers  who  have  served  as  such  con- 
tinuously and  faithfully  for  many  years)  no  one  can  possibly  become  a 
government  civil  engineer  in  France  excei3t  by  following  the  route 
above  described.  The  many  technological  schools  of  France  graduate 
ordinary  civil  engineers,  but  no  government  civil  engineers;  the  French 
government,  since  the  time  of  Napoleon,  having  always  required  its  gov- 
ernment civil  engineers  to  prove  their  willingness,  ability  and  fitness  for 
their  position  by  an  actual  successful  passage  through  the  training 
schools  of  both  its  Military  Academy  (the  Ecole  Polytechnique)  and  its 
post-graduate  Government  Engineer  School  of  Bridges  and  Highways 
(ficole  des  Fonts  et  Chaussees).  As  a  graduate  of  the  latter  school,  and 
also  as  a  Member  of  the  French  Society  of  Engineers,  and  having  spent 
two  years  amongst  both  these  classes  of  engineers,  I  feel  that  it  is  not 
asking  too  much  of  the  American  Society  of  Civil  Engineer^  to  ask  them 
to  accept  these  statements  as  facts. 

In  another  of  the  finest  organized  corps  of  government  civil  en- 
gineers in  the  world  (that  of  Prussia),  the  executive  organization  is 
almost  the  same  as  that  of  the  United  States.  In  Prussia,  as  in  the 
United  States,  the  water-ways  are  divided  into  districts,  each  under  the 
charge  of  a  single  government  engineer,  who  is  held  responsible  for  the 
work  done  by  him,  and  who  is  supervised  more  or  less  by  his  superiors. 
In  the  United  States  this  supervision  consists  in  the  criticism  and  recom- 
mendation of  a  Supervising  Engineer  (one  to  five  or  six  districts),  of  the 
Chief  of  Engineers,  increased  in  important  cases  by  that  of  the  Govern- 
ment Board  of  Engineers,  and  in  more  important  cases  by  that  of  a 
Board  of  Engineering  Specialists  selected  generally  from  amongst  the 
Members  of  the  American  Society  of  Civil  Engineers.  In  Prussia,  the 
method  of  appointment  to  this  corps  of  engineers  difiers  somewhat  from 
that  in  the  United  States,  but  there  is  no  proof  that  the  former  is  better 
than  the  latter;  and  the  probability  is  very  great  that  the  system  used  in 
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monarchical  Prussia,  if  applied  to  republican  America,  could  not  guaran- 
tee to  the  country  such  a  continued  succession  of  capable  Government 
Engineers  as  does  the  present  system.  In  the  United  States,  Congress 
chooses  to  retain  in  its  own  hands  the  original  decision  as  to  what  works 
are  to  be  improved  and  as  to  the  proportion  of  money  to  be  spent  on 
each;  and  the  Corps  of  Government  Engineers  is  charged  only  with  the 
final  execution  of  this  work.  In  Prussia,  the  government  engineers  are 
given  much  more  power  and  authority  than  in  America,  and  can,  there- 
fore, select  much  more  successfully  the  works  which  best  merit  improve- 
ment, and  can  carry  out  more  successfully  the  improvement  finally 
decided  upon. 

An  important  lesson  that  Mr.  Corthell  might  have  added  here,  is  that 
Government  civil  engineering  work  cannot  be  carried  on  thoroughly, 
successfully,  and  economically  by  any  corps  of  engineers  as  long  as  the 
proper  execution  of  this  work  depends  upon  discontinuous,  spasmodic 
and  inadequate  appropriations. 

J.  F.  Le  Bakon,  M.  Am.  Soc.  C.  E. — The  results  accomplished  by 
the  construction  of  the  South  Pass  Jetties  are  so  patent  to  the  world 
that  they  cannot  be  disputed.  The  fact  is  the  Mississippi  Valley  is  open 
to  the  commerce  of  the  world,  untrammeled  by  bar,  and  unvexed  by 
extortionate  tug  charges  or  delays. 

The  report  of  General  Bussey,  President  of  the  New  Orleans  Cotton 
Exchange,  as  quoted  by  Mr.  Corthell,  is  conclusive.  He  says  that  now 
95  000  bushels  of  grain  is  an  ordinary  cargo,  and  144  000  bushels  is  some- 
times taken ;  whereas,  before  the  jetties  were  constructed,  20  000  bushel* 
was  a  large  load.  This  shows  an  increase  of  carrying  capacity  of  between 
400  and  700  per  cent.  In  the  face  of  this  glorious  result,  the  remarks 
of  Col.  Merrill,  referring  to  the  fact  that  the  first  contract  with  Mr. 
Eads,  requiring  a  channel  26  feet  deep  and  300  feet  wide,  had  never 
been  fulfilled,  seem  rather  finical.  The  width  is  wide  enough  and  the 
depth  deep  enough  for  all  practical  or  theoretical  purposes,  and  is  now 
ten  feet  wider  than  the  later  Act  of  Congress  requires. 

We  must  not  lose  sight  of  the  fact  that  this  result  must  be  compared 
■with  the  results  achieved  by  the  army  engineers  previously. 

■'Thirty-seven  years  ago,"  said  the  Hon.  Carl  Schurz,  in  a  speech 
delivered  in  the  United  States  Senate,  "  the  Engineer  Department  of  the 
Army  took  the  matter  in  hand,  and  for  thirty-seven  years  they  have 
been  planning  and  reporting  upon  the  matter,  and  scratching  and  scrap- 
ing at  the  mouth  of  the  Mississippi,  and  to-day  the  depth  of  water  is  no 
greater  than  it  was  then." 

It  remained  for  an  "outsider"  to  achieve  the  glorious  results  that 
will  render  the  name  of  Eads  famous  for  all  time,  and  that,  too,  in  the 
face  of  the  bitterest  opposition,  as  is  well  known. 

So  much  for  results.     Now  for  the  lessons. 
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It  seems  to  me  that  one  of  the  plainest  teachings  of  the  South  Pass 
Jetties  is,  that  such  works  should,  when  once  commenced,  be  pushed 
forward  with  all  the  rapidity  possible,  and  I  think  that  to  the  rapidity 
of  his  construction  at  South  Pass,  Mr.  Eads  owes  a  great  part  of  his' 
success.  .      (  ; 

It  has  been  said  of  Napoleon  that  he  dazzled  by  the  rapidity  of  his 
movements.  In  the  same  way  Mr.  Eads  has  dazzled  the  world  by  the 
rajjidity  and  success  of  his  efforts  at  th6  mouth  of  the  Mississippi^  and 
before  the  river  could  form  a  new  regimen,  the 'Works  of  contraction 
were  completed,  and  the  river  was  conquered  and  compelled  to  follow 
the  path  laid  out  for  it.   '  •    ■■  .  i 

The  works  at  the  head  of  the  passes  show  the  importance  Of  conser- 
vation of  the  river  forces,  and  the  fallacy  of  the  "  outlet  theory." 

Another  important  lesson  is  that  a  river  will,  with  the  proper  assist- 
ance, obtain  what  it  Avill  maintain  in  the  way  of  cross  section. 

'The  retardation  of  bar  advance,  by  reason  of  the  concentration  oD 
volume,  and  increased  slope  and  velocity  of  the  river  current,  does  not 
appear  to  me  to  be  so  plainly  proved  as  Mr.  Corthell  seems  to  believe. 

We  have  as  much  sediment  brought  down  by  the  river;  and  in  fact 
more,  by  reason  of  the  greatly  increased  volume  of  discharge.  That  this 
is  carried  further  out  to  sea  by  the  increased  force  of  the  current,  is  evi- 
dent; but  in  the  absence  of  any  littoral  current,  this  immense  amovint  of 
sediment  must  be  deposited  in  the  fan-shaped  area  beyond  the  seaward 
ends  of  the  jetties.  How  far  beyond  depends  iipon  the  velocity.  If 
this  sediment  is  held  in  suspension  until  depths  of  600  or  1  000  feet 
are  reached,  before  it  is  dropped  by  the  current,  then  we  may  safely 
dismiss  the  question  of  bar  advance  for  a  century  or  two;  or  if  a  littoral 
current  exists  that  will  take  this  sediment  and  sweep  it  to  one  side,  be- 
fore or  as  soon  as  it  is  deposited,  then  we  are  safe.  But  this  is  not 
shoAvn  by  actual  examinations.  The  immense  amount  of  172  800  000 
cubic  feet  of  sediment  that  Mr.  Corthell  states  is  carried  out  eveiy  24 
hours  of  flood  discharge,  must  in  time  raise  the  bottom  of  the  gulf 
wherever  deposited. 

The  portion  carried  out  through  the  South  Pass  is  riot  directly  given 
by  Mr.  Corthell;  but  supposing  it  to  be  one-fifth,  it  is  then  equal  to  an 
area  over  a  mile  square  raised  one  foot  every  24  hours  of  high  water. 

What  is  the  ultimate  disposal  of  this  immense  amount  of  material  ? 
Mr.  Corthell  quotes  Mi-.  Bayley  to  show  that  there  is  a  littoral  current, 
but  does  not  state  what  its  velocity  is,  or  if  it  has  ever  been  measured. 
In  the  absence  of  this  data,  and  not  knowing  how  far  out  this  sediment 
is  carried,  we  are  left  somewhat  in  the  dark  as  to  the  ultimate  elevation 
of  the  bottom,  and  the  consequent  bar  advance.  Estimating  it  by  geo- 
logical ages,  it  would  appear  certain  that  some  time  in  the  future  the 
jetties  would  have  to  be  extended. 

Turning  now  to  another  part  of  Mr.  Corthell's  paper,  that  which  refers 
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to  Galveston  and  Charleston  Harbors,  we  find  an  entirely  different  prob- 
lem presented.  The  bars  of  these  harbors  are  caused,  not  by  sedimentary 
deposits,  but  by  the  littoral  action  of  the  waves  abrading  a  sandy  coast 
and  attempting  to  perfect  a  littoral  cordon,  which  is  feebly  resisted  by 
the  discharge  of  the  ebb  tides  and  the  emptying  of  a  land-locked  lagoon, 
whose  level  is  but  slightly  above  that  of  the  gulf,  and  varying  at  differ- 
ent seasons. 

It  seems  hardly  proper  to  compare  the  two,  and  it  is  certainly  unfair 
to  compare  the  results  obtained  by  the  army  engineers  at  these  places, 
working  with  small  annual  appropriations,  with  the  results  obtained  by 
Mr.  Eads  at  South  Pass,  working  continuously,  and  with  abundant 
means  at  his  disposal.  I  very  much  doubt  if  Mr.  Eads  could  have 
achieved  the  success  he  undoubtedly  has  at  South  Pass  if  he  had  been 
restricted  to  ^200  000  or  $300  000  j^er  year  ;  and  the  same  remarks 
apply  to  Charleston,  The  works  at  Charleston  are  yet  far  from  com- 
pletion, as  originally  planned;  and  I  believe,  with  Colonel  Merrill,  that 
on  the  works  at  Charleston  nothing  has  been  done  but  what  would  have 
had  to  be  done  in  any  event.  Until  the  jetties  at  Charleston  shall  be 
raised  somewhere  near  their  estimated  height,  and  brought  nearer  to 
comijletion,  I  think  it  would  be  proper  to  withhold  criticisms  of  their 
efficiency.  It  is  like  fencing  in  an  acre  of  ground  to  keep  in  a  herd  of 
cattle.  While  the  fence  is  incomplete  on  one  side,  if  it  is  only  for  a 
yard,  the  herd  is  not  restrained  from  escaping.  We  may  build  ever 
so  costly  and  high  a  wall  on  three  sides,  but  until  the  fourth  side  is 
completed  we  achieve  no  resiilt.  The  jetties  at  Charleston  will  un- 
doubtedly serve  the  purpose  intended  by  Genei'al  Gillmore  in  preserv- 
ing a  channel  from  the  littoral  wave-action  and  wash  of  the  sands,  when, 
completed. 

As  to  Galveston,  it  appears  that  Mr.  Corthell  is  siistained  in  his 
criticism  as  to  the  width  between  the  jetties  by  the  chart  published  in 
the  Annual  Report  of  the  Chief  of  Engineers  United  States  Army,  for 
1880,  on  which  chart  the  North  Jetty  is  shown  18  000  feet  from  the 
South  Jetty,  and  is  marked  at  its  shore  end  by  a  line  of  gabionades 
set  as  part  of  the  jetty.  And  in  the  report  for  1882  we  see  an  oi^ening 
left  near  the  shore  in  the  South  Jetty;  but  from  the  report  of  Colonel 
Mansfield  we  learn  that  this  gap  was  being  filled  by  a  continuous  jetty. 
It  could  only  be  considered  a  temporary  gajj.  It  was  not  too  late  to  fill 
it,  and  I  do  not  see  that  any  harm  was  done  by  temporarily  leaving  it 
open.  If  it  was  intended  as  an  inlet  for  the  flood  tide,  it  was,  in  my 
opinion,  unwise  and  faulty  engineering. 

In  his  discussion,  Colonel  Merrill  quotes  Colonel  Mansfield  as  stating 
that  the  location  of  the  North  Jetty  Avas  undetermined;  but  upon  the 
chart  in  the  report  for  1880,  before  referred  to,  this  jetty  is  located,  and 
reference  is  made  to  it  in  the  report.  The  Bolivar  channel  is  only  about 
3  300  feet  wide  between  the  20-foot  curves,  and  it  would  apjiear  that  the 
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location  of  the  jetties  18  000  feet  apart  was  very  excessive  and  unwar- 
rantable. We  find,  however,  that  this  jetty  was  discontinued,  and  it 
does  not  appear  on  the  chart  for  1882.  I  have  referred  to  this  simply 
to  sustain  Mr.  Corthell  in  his  assertion. 

It  appears  to  me  improper  to  compare  completed  works  with 
iincomijleted  ones  ;  but  still  we  may  criticise  them,  and  may  ques- 
tion the  wisdom  of  the  location  of  the  jetties  at  Galveston,  and  the 
application  of  the  money  expended  on  one  jetty  alone;  but  we  can 
hardly  assume  that,  even  with  a  proper  location  and  insufficient  funds, 
any  different  result  would  have  been  obtained. 

The  slowness  and  smallness  of  congressional  approjiriations  for 
river  and  harbor  works  is  a  fruitful  source  of  expense,  and  is  extrava- 
gant in  the  highest  degree,  retarding  the  development  of  the  country 
and  her  commerce.  So  much  so  that  i^ublie  patience  is  exhausted,  and 
often  seeks  relief  in  personal  efforts.  I  am  now  engaged  in  perfecting 
plans  for  improving  a  river  mouth  by  jetties  in  Florida,  which  the 
people  of  the  country  propose  to  build  without  asking  aid  from  the 
Government,  owing  to  the  reasons  stated. 

In  regard  to  the  last  part  of  Mr.  Cortli ell's  jjaper,  which  refers  to  the 
exclusive  employment  of  army  officers  in  charge  of  civil  works  of  this 
description,  I  agree  entirely  with  the  author  of  the  paper.  Colonel 
Merrill  refers  to  the  fact  that  United  States  Army  Engineers  are  edu- 
cated as  civil  engineers.  This  no  one  disputes,  nor  their  ability  as  civil 
engineers;  but  it  is  manifestly  unjust  to  employ  any  persons  on  an 
equality,  and  deny  them  all  opportunity  or  right  of  advancement  or 
promotion;  and  if  not  employed  on  an  equality  the  unju.stness  is  greater, 
in  a  free  country,  under  a  republican  form  of  Government.  Such, 
however,  is  the  condition  of  civil  engineers  on  Government  works  at 
present. 

Gen.  Q.  A.  GiLiiMORE,  M.  Am.  Soc.  C.  E. — I  wish  to  correct  one  in- 
accuracy in  the  paper  by  Mr.  Corthell,  with  respect  to  the  jetties  now 
in  course  of  construction  at  Charleston,  S.  C.  The  paper  states  that 
there  is  2  feet  less  water  on  the  bar  than  when  the  jetties  were  begun. 
This  is  not  so.  At  the  time  the  paper  was  read,  the  work  done  at  the 
Charleston  Bar  comprised  little  more  than  the  apron  foundations  of  the 
jetties.  That  of  the  North  Jetty  reached  beyond  the  crest  of  the  bar  a 
little,  while  that  of  the  South  Jetty  stopped  short  of  it,  aad  the  amount 
of  contraction  had  reached  only  a  small  fraction  of  what  the  project 
contemplates.  A  section  of  the  water-way  between  the  jetties,  taken  at 
the  jjoint  where  the  foundations  of  the  South  Jetty  stojjped,  showed  an 
enlargement  and  an  increase  of  mean  depth  quite  as  great  as  could  be 
expected  from  the  slight  concentration  of  water  at  that  point,  and  indi- 
cated quite  cleai'ly  that  the  completion  of  the  works  will  result  in  au 
imi)roved  channel  fully  up  to  the   estimated  depths,   and  that  these 
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depths  can  be  increased  by  raising  and  extending  the  jetties,  without 
carrying  those  portions  crossing  the  deep  water  near  the  shore  up  to 
the  water  level. 

The  project  is  only  a  tentative  one,  but  the  limit  of  its  beneficial 
effects  will  be  found  to  be  quite  up  to  the  present  requirements  of  com- 
merce. 

I  have  never  thought  that  even  the  sea-ends  of  the  jetties — those 
portions  located  on  the  bar — ^would  need  to  be  carried  up  to  high-water 
level,  but  if  there  will  be  any  advantage  in  giving  them  that  height,  it 
will,  of  course,  be  done. 

There  is  another  statement  in  Mr.  Corthell's  paj^er  which,  I  am  sure, 
he  will  wish  to  correct,  where  it  is  said  that  work  on  the  jetties  has  been 
going  on  for  nearly  10  years,  or  words  to  that  effect.  So  far  from  this 
being  the  case,  only  5^  years  had  elapsed,  at  the  time  he  read  his 
paper,  since  the  works  were  first  started,  and  during  that  interval  there 
had  been  one  year  when  no  appropriation  at  all  was  made  for  the  work, 
and  there  had  been  frequent  suspensions  for  want  of  money.  Indeed, 
all  the  work  done  could  easily  have  been  accomijlished  in  two  years  if 
funds  had  been  available. 

I  append  to  this  a  communication  addressed  by  me  to  Hon.  S.  Y. 
Tupper,  of  Charleston,  on  the  22d  of  January  last. 

CHARiiESTON,  S.  C,  January  22d,  1885. 
Hon.  S.  Y.  Tupper, 

Chairman  Committee  on  Harbor  Improvements  of  Charleston 
Chamber  of  Commerce. 

Dear  Sir, — Referring  to  our  recent  interview,  I  wish  to  express  my 
satisfaction  with  the  progress  of  work  on  the  Charleston  Jetties 
under  the  present  contract,  and  the  beneficial  results  in  immediate 
prospect. 

Capt.  Bailey  informs  me  that  the  survey  just  completed  indicates 
quite  plainly  tliat  increased  scour  on  the  bar  between  the  jetties  has 
been  developed. 

Although  the  concentration  of  water  upon  the  bar  secured  by  the 
jetties  up  to  the  present  time  is  very  small  in  comparison  with  what  is 
intended  and  with  what  the  plan  requires,  both  works  being  as  yet  little 
more  than  foundation  courses,  and  the  South  Jetty  not  having  yet 
reached  the  crest  of  the  bar  by  about  1  000  feet,  I  am  confident  that, 
even  in  their  present  condition,  the  Avorks  are  able  to  maintain  a  much 
deeper  channel  than  that  which  exists  between  them,  and  that  the  time 
to  begin  the  dredging  contemplated  in  the  original  estimate  has  arrived. 
Proposals  for  dredging  have,  therefore,  been  invited,  the  object  being 
to  aid  the  scouring  power  of  the  accelerated  current. 

I  wish  to  reaffirm  my  confidence  in  the  ability  of  these  works,  when 
completed,  to  maintain  a  deep  navigable  channel  across  the  bar.  I  be- 
lieve a  depth  of  28  to  30  feet  to  be  easily  attainable. 

Advei'se  criticisms  on  the  efiicacy  of  submerged  jetties  have  no  ap- 
plication to  the  Charleston  works.  The  latter  are  strictly  tentative  in 
character,  and  their  distance  apart  was  planned  with  the  special  object 
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of  reserving  eiitire  freedom  of  clioice  with  respect  to  their  ultimate 
height. 

Their  crests  can,  of  course,  be  carried  up  to  the  height  necessary  to 
maintain  the  desired  channel  depth  between  them.  Where  they  cross 
ihe  bar  they  are  half  a  mile  apart,  equal  to  about  one-half  of  the  width 
of  the  throat  of  the  harbor  between  Forts  Sumter  and  Moultrie,  where 
the  channel  depths  are  75  to  80  feet  at  high  water. 

Omitting  eugineering  technicalities,  two  significant  questions  may  be 
popularly  stated  as  follows: 

1st.  If  the  flow  between  Sumter  and  Moultrie  maintains  a  channel 
depth  of  75  feet  where  the  width  is  1  mile,  what  portion  of  that  flow 
will  be  required  between  the  jetties  where  the  width  is  only  half  a  mile, 
in  order  to  maintain  a  depth  of  28  or  30  feet  ?  The  answer  suggests 
itself  that  not  all  the  water  flowing  past  Fort  Sumter  will  be  needed 
between  the  jetties.  The  plan,  therefore,  allows  part  of  it  to  pass 
over  their  tops,  thereby  lessening  the  cost  of  the  works  more  than 
one-half. 

2d.  If  the  flow  between  Sumter  and  Moultrie  maintains  a  depth  of  75 
feet  where  the  width  is  1  mile,  what  dejoth  would  the  same  volume 
of  flow  maintain  if  it  all  passed  between  the  jetties  where  the  width  is 
only  half  a  mile  ?  The  answer  is  again  evident,  that  under  these  condi- 
tions, the  depth  scoured  out  would  be  excessive,  possibly  endangering 
the  stability  of  the  works  themselves,  and  transporting  a  large  body  of 
sand  to  the  seaward  sloj^e  of  the  bar  beyond  the  end  of  the  jetties. 
This  would  introduce  serious  complications  in  the  way  of  new  shoals 
^nd  a  new  bar.  It  has  been  one  of  the  leading  objects  of  the  project  to 
.avoid  such  a  contingency. 

The  principles  suggested  in  the  foregoing  answers  are  neither  new 
nor  novel.  They  not  only  rest  on  long  experience  and  observation,  but 
are  easily  demonstrable  l)y  approved  methods  and  formulas.  We  need 
not  go  far  for  numerous  and  well-defined  illustrations — two  or  three 
that  are  near  home  will  be  mentioned. 

At  the  mouth  of  St.  John's  River,  where  the  tide  rises  and  falls 
about  5  feet,  the  low  jetties  planned  on  the  principles  applied  to  the 
Charleston  works,  and  not  yet  half  finished,  have  produced  a  marked 
improvement  in  the  gap  between  them.  A  channel  has  there  been 
established  by  scour  alone,  of  twice  the  depth  existing  there  six  months 
ago. 

In  Savannah  Harbor,  where  there  is  about  7  feet  rise  and  fall  of  tide, 
the  Fig  Island  Jetty,  1  mile  long,  with  its  crest  fully  4  feet  below  high 
water,  maintains  a  navigable  channel  19  feet  deep  at  high  water,  through 
a  shoal  upon  which  there  was  only  11  feet  before  the  improvement  was 
begun.  Further  down  the  harbor,  at  the  head  of  Elba  Island  and  at 
the  Upper  Flats,  the  low  jetties,  having  their  crests  about  3  feet  below 
high  water,  are  continuously  maintaining  navigable  channels  20  to  23 
feet  deep,  through  shoals  where  only  16  feet  could  be  carried  at  high 
water  before  any  improvement  was  made  by  works  or  by  dredging. 
These  are  points  where  the  jetties  have  been  completed  a  year  or  more, 
or  long  enough  to  produce  a  substantial  approach  to  maximum  results. 
At  other  points  where  the  jetties  were  finished  more  recently,  the  scour- 
ing is  now  in  progress.  In  some  cases  the  movement  of  the  sand  is  so 
tardy  that  the  deepening  process  has  to  be  hastened  or  aided  by  other 
means,  and  this  is  the  object  of  the  dredging  which  will  be  commenced 
in  Savannah  Harbor  in  a  few  days. 

It  goes  almost  without  saying  that  the  Charleston  Jetties  should  not 
excavate  a  channel  of  unnecessary  depth  between  them,  with  the  certain 
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result  [that  tlie  excess  of  material  removed  will  be  deposited  outside 
where  the  natural  depths  are  very  moderate  and  the  slope  of  the  bottom 
excei)tionally  Hat,  and  Avhere  we  miist  depend  for  its  removal  upon  the 
intermittent  and  irregular  littoral  current  produced  by  winds.  Where 
interests  of  great  magnitude  are  at  stake,  ordinary  priidence  suggests 
that  there  should  be  a  liberal  factor  of  safety.  This  is  provided  in  the 
present  project  by  reserving  the  power  to  restrict  the  volume  of  flow 
and  the  amount  of  scour  between  the  jetties. 

It  has  been  the  subject  of  profound  regret  on  my  part  that  the  im- 
portance of  this  great  national  work  has  not  been  recognized  in  Congress 
by  liberal  apj^ropriations.  Frequent  stoppages  and  increase  in  the 
ultimate  cost  of  the  work  have  been  the  results  of  this  policy. 

I  invite  atttention  to  my  annual  reports  for  a  more  lengthy  expres- 
sion of  my  views  on  this  point.  Q.  A.  GrLLMOKE. 


E.  L.  CoRTHKLL,  M.  Am.  Soc.  C.  E. — The  three  sixbjects  treated  by 
Col.  Merrill  in  his  discussion  are  :  The  South  Pass  Jetties  ;  Galveston 
Harbor  Improvements;  and  Civil  and  Military  Engineers  on  Government 
works.  The  first  two  subjects  have  been  so  fully  discussed  by  Mr. 
James  B.  Eads,  that  it  is  unnecessary  for  the  author  to  recur  to  them. 
He  will  therefore  confine  his  discussion  to  the  third  subject. 

Col .  Merrill,  referring  to  the  author's  statement  regarding  the  man- 
ner of  conducting  national  i^ublic  works  in  this  and  other  countries, 
has  taken  exceptions  to  his  views  and  attempted  to  correct  his  state- 
ments. The  subject  is  too  important  to  be  lightly  passed  over,  and  his 
<;riticisms  require  discussion. 

We  may  profit  by  the  example  of  the  other  civilized  nations  re- 
ferred to.  There,  as  here,  engineers  are  divided  by  education  and 
practice  into  civil  and  military.  The  governments  do  not  employ 
military  engineers,  as  a  general  rule,  on  their  pvxblic  works,  except  for 
<;ertain  very  limited  geodetic  work  bearing  upon  military  problems  and 
for  military  purposes. 

The  following  is  from  a  letter  by  a  leading  Member  of  this  Society 
in  France,  Mr.  Ernest  Pontzen  : 

"All  public  works  (civil  engineering  works)  executed  by  the  Gov- 
ernment are  conducted  by  the  Corjjs  of  Ponts  et  Chaussees.  The  Corps 
of  Ponts  et  Chaussees,  like  the  Corjis  of  Mines,  is  under  the  Minister 
of  Public  Works. 

"The  Corps  of  Ponts  et  Chaussees  is  at  present  composed  of  forty- 
eight  'General  Inspectors,'  in  two  classes;  two  luindred  and  fifty- 
eight  'Engineers-in-Chief,'  in  two  classes;  and  three  himdred  and 
-thirty-one  '  Ordinary'  engineers  in  three  classes,  being  a  total  of  six 
hundred  and  thirty-seven  engineers  of  the  various  classes.  Besides 
these  engineers,  the  Corps  also  has  lower  officers  in  a  greater  number, 
called  '  Conductors. ' 

"The  young  man  who  intends  to  become  an  engineer,  tries  generally 
to  be  admitted  to  the  Polytechnic  School  (a  Government  institute). 
Among  one  thousand  candidates,  only  about  one  hundred  and  ninety  or 
two  hundred  are  admitted  to  this  school.  The  best  pupils  generally  choose 
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the  Corps  of  Mines  or  the  Corps  of  Pouts  et  Chaussees.  The  remainder, 
after  being  two  years  in  the  Polytechnic  Schools  go  into  military  ser- 
vice. The  engineering  schools  into  which  the  first  pupils  enter  after 
leaving  the  Polytechnic  School  have  a  three  years'  course.  When  a 
young  man  has  obtained,  in  this  way,  his  admission  into  this  school,  he 
comes  oiat  as  '  Ordinary'  Engineer  of  Pouts  et  Chaussees,  or  of  Mines. 
These  are  civil  and  not  military  positions.  An  engineer  who  has  pur- 
sued his  way  through  these  schools  and  obtained  his  rank,  has  to  re- 
main ten  years,  often  ten  or  fifteen  a  'Conductor,'  and  then  to  pass  an 
extraordinary  examination  in  order  to  be  titled  'Ordinary  Engineer.' 
All  works  executed  by  the  Governmeut  are  conducted  by  such  Engi- 
neers of  the  Pouts  et  Chaussees.  '  Ordinary'  engineer  is  '  Resident' 
engineer.  The  Engineer-in-Chief  has  three  or  more  ordinary  engineers 
under  his  control,  and  a  General  Insjjector  has  ten  "  Engiueers-in- 
Cliief.'  The  General  Inspectors  in  Committee  decide  on  all  works  ex- 
ecuted in  France.  It  is  called  the  'Coiincil  General  of  Ponts  et 
Chaussees. ' 

"  Since  the  Ijeginning  of  railways,  the  highest  positions  on  railroads 
are  filled  by  engineers  ot  Ponts  et  Chaussees,  Avho  obtain  general  per- 
mission to  enter  on  private  business.  Latterly  the  Minister  of  Public 
Works  has  selected  civil  engineers  to  be  members  of  ten  committees  in 
the  Department  of  Public  Works  in  order  to  give  satisfaction  to  the 
civil  engineers;  that  is,  those  educated  in  private  schools  who  objected 
to  the  monopoly  of  the  Corjis  of  Ponts  et  Chausees.  I,  myself,  am  now 
a  member  of  the  Committee  on  Railroads  under  the  Minister.  Some 
propositions  are  now  before  the  Chambers  to  open  still  Avider  the  doors 
of  the  Corps,  and  probably  in  the  future,  ten  i^er  cent,  of  the  Corps  of 
Ponts  et  Chaussees  will  be  taken  from  among  the  civil  engineers  edu- 
cated in  private  schools  and  practiced  in  private  works. 

"The  military  engineers  are  used  only  for  building  the  forts  and 
other  military  constructions,  like  the  navy  engineers,  who  build  the 
naval  constructions;  but  civil  engineers  are  often  contractors  for  these 
works." 

It  will  be  seen  from  this  letter  that  the  public  works  of  France  are 
conducted  under  a  Minister  of  Public  Works;  that  civil  engineers  are 
specially  educated  for  these  works;  that  many  years  of  actual  prac- 
tice are  required  for  admittance  even  to  the  class  of  "  ordinary  engi- 
neers;" that  they  are  graduated  as  civil  engineers,  practice  as  such,  and 
are  employed  only  as  such;  but  that  large  numbers  of  other  prominent 
and  experienced  civil  engineers,  whose  education  is  obtained  in  jsrivate 
schools,  are  admitted  to  places  of  the  highest  honor  and  responsibility 
in  designing  and  constructing  government  civil  works;  in  other  words, 
using  the  expression  in  the  author's  paper,  the  government  summons 
to  its  aid  the  best  engineering  talent  within  its  reach. 

In  Prussia  the  syritem  of  public  works  is  much  the  same  as  in 
France.  The  country  is  divided  into  river  and  harbor  districts,  with  a 
chief  engineer  at  the  head  of  each  district.  These  districts  are  subdi- 
vided into  lesser  districts,  with  a  resident  engineer  over  each.  These 
resident  engineers  are  provided  with  two  classes  of  assistants :  first,  those 
who  have  passed  the  double  examination  required;  and,  second,  those 
who  have  passed  only  one  of  these  examinations.  These  two  latter  classes 


The  following  letter  lias  been  received  from  Mr.  E.  L.  Corthell, 
M.  Am.  Soc.  C.  E.,  and  is  published  as  requested. 

34  Nassau  St.  ,  New  Yokk, 
July  30,  18S6. 
John  Bogakt,  Esq. , 

Secretary  Am.  Soc.  C.  E. 

Deak  Sir, — Partly  through  the  inadvertence  of  a  type-writer,  i^artly 
through  my  misapprehension  of  the  meaning  of  French  terms  used,  and 
partly  for  the  sake  of  brevity,  a  letter  of  Mi'.  Ernest  Pontzen,  from  which 
I  quoted  in  the  discussion  of  my  paper  on  "The  South  Pass  Jetties  " 
does  not  present  the  ideas  as  he  intended  to  convey  them,  and  he  re- 
quests me  to  make  the  necessary  corrections. 

Will  you  kindly  have  them  made  in  the  next  jjublication  of  the 
Transactions  of  the  Society. 

As  Mr.  Poutzen  is  a  Member  of  the  Society  and  was  not  able  to  be 
present  to  take  jiart  in  the  discussion,  it  is  a  simple  matter  of  justice  to 
him  that  an  erroneous  presentation  of  his  views  should  be  removed, 
which  I  hasten  to  do.  I  am,  yours  truly, 

E.  L.  Corthell. 


TRANS.VCT10XS  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

E  E  E  A  T  A  . 

Volume  XY,  April,  188G.  Discussion  by  E.  L.  Corthell  ou  the 
South  Pass  Jetties. 

Page  270,  7th  line. — Insert  the  word  "not"  after  the  words  "an 
engineer  who  has."  The  sentence  will  then  read:  "An  engineer  who 
has  not  pursued  his  way  through  these  schools  and  obtained  his  rank, 
has  to  remain  ten  years,  often  ten  or  fifteen  a  'Conductor,'  and  then 
to  pass  an  extraordinary  examination  in  order  to  be  titled  '  Ordinary 
Engineer.' " 

Same  page,  28th  line. — After  the  words  "from  among  the,"  insert 
the  word  "  Conductors  "  in  place  of  the  words  "  Civil  Engineers." 

Same  page.— After  the  29th  line  insert  the  following  paragraph  (the 
final  paragraph  remaining  as  printed) : 

"  It  must  be  confessed  that  the  high  rank  of  the  Corjis  des  Pouts  et 
Chaussees  must  be  attributed  to  the  system  of  admission  through  the 
best  schools  and  admitting  only  the  best  pupils.  This  system  is  a  dem- 
ocratic system,  its  positions  being  given  not  as  a  privilege  to  rich  or 
noble  people,  but  to  the  most  able  young  men.  Nevertheless,  I  believe 
that  the  doors  are  not  enough  open  to  such  engineers  as  succeed  in 
educating  themselves  in  other  ways  with  the  intention  of  obtaining 
governmental  positions.  In  France  the  tendency  to  be  an  emijloye  of 
the  government  is  a  general  one.  I  believe  it  is  not  so  in  the  United 
States,  and  it  proves  that  your  people  have  more  feeling  for  indepen- 
dence, and  it  is  better  for  you." 
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Avork  for  the  goverumeut  or  private  corporations,  or  both.  According 
to  their  length  of  service  on  government  Avorks  they  advance  to  j^osi- 
tious  of  inspectors  and  resident  engineers.  In  case  of  large  rivers,  such 
as  the  Rhine,  Elbe,  Oder  and  Vistula,  the  whole  river  constitutes  one 
district,  whose  chief  engineer  has  charge  of  all  improvements  on  that 
river.  The  jirinciiial  office  of  River  and  Harbor  Works  is  a  bureau  in 
the  Department  of  Public  Works. 

The  above  description  of  the  system  practiced  in  Prussia,  is  ab- 
stracted from  a  paper  read  before  a  German  Society  of  Civil  Engineers 
by  a  prominent  member  of  the  Prussian  Cor^js  of  Civil  Engineers,  who 
was  for  several  years  a  resident  of  this  country  as  engineer,  attached  to 
the  Imperial  German  Legation  at  Washington.  Comjoaring  this  system 
with  our  own,  it  is  under  a  Minister  of  Public  Works  instead  of  the 
Secretary  of  War;  and  the  officials  in  charge  of  the  works  are  state  civil 
engineers  instead  of  military  engineers. 

A  translation  of  the  j^aper  referred  to  was  read  before  the  Boston 
Society  of  Civil  Engineers,  January  14th,  1885,  by  Mr.  Clemens  Her- 
schel,  Member  of  this  Society,  who  states,  on  page  16  of  the  paper, 
"From  what  I  know  of  i^ublic  works  elsewhere,  in  Eurojie — Fiance, 
Italy,  Holland  and  other  countries— I  believe  their  organization  for  the 
construction  of  public  works  to  be  very  similar  to  the  comprehensive 
system  above  described." 

Confirmatory  of  the  preceding  statements,  the  late  Dr.  S.  Hagen,  of 
Berlin,  in  a  letter  dated  July  12th,  1880,  stated:  "The  co-oi^eration 
of  sui^erior  military  officers  and  officers  of  the  engineer  corps  on  our 
civil  constructions  or  structures  is  entirely  excluded,  except  where 
works  of  fortification  are  connected  with  them.  All  civil  works  of 
the  government  are  carried  on  under  a  Minister  of  Public  Works.  The 
same  relations  exist  in  the  other  German  States,  and  you  will  see  that 
in  France,  England  and  the  Netherlands  it  is  the  same." 

Col.  Merrill  says:  "Great  Britain  makes  exactly  the  same  use  of 
her  military  engineers  as  does  the  United  States." 

He  says  just  enough  to  give  the  impression  that  the  public  works  of 
Great  Britain,  as  far  as  relates  to  its  rivers  and  harbors,  are  conducted 
as  they  are  here,  by  military  engineers. 

The  following  letter  recently  received  by  the  aiithor  from  Mr.  James 
Forrest,  Secretary  of  the  Institution  of  Civil  Engineers  of  Great  Britain, 
through  Sir  Charles  A.  Hartley,  will  disabuse  the  minds  of  the  Mem- 
bers of  the  Society  from  the  impression  sought  to  be  conveyed  by  Col. 
Merrill. 

"The  In.stitution  of  CniL  Engineers, 

"  25  Great  George  street,  Westminster,  S.  W., 
"  24th  February,  1885. 
"Sir  Charles  A.  Hartley,  K.  C.  M.  G. 

"  My  dear  Sir  Charles, — In  reply  to  Mr.  Corthell's  inquiries,  through 
you,  I  have  to  say  that  there  can  lie  no  jiarallel  between  the  emjiloy- 
ment  of  civil  [i.  e.,  civilian)  engineers  in  the  United  States  and  in  this 
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kingdom,  for  the  simple  reason  that  few  works  are  undertaken  here  by 
the  Government,  except  dockyards  and  harbors  of  refuge;  the  latter 
mainly  because  they  would  not  pay  commercially  and  because  they 
afford  a  field  for  convict  laboiir. 

"  There  are  no  Government  C.  E.'s;  the  only  engineers  that  can  come 
under  that  category  are  Royal  (or  military)  Engineers. 

"  These  officers  frequently  obtain  civil  appointment,  but  rarely  to 
design  or  carry  out  works. 

"Rivers  and  harbors  here  are  under  Boards  or  Trusts,  who  go  into  the 
oijen  market  and  secure  the  services  of  any  engineers  they  may  choose 
to  select. 

"I  think  the  above  neai'ly  exhausts  Mr.  Corthell's  questions.  I  may 
add  that  the  only  approach  to  a  Government  Engineering  College  in 
this  country  is  the  Royal  Engineering  College  at  Cooper's  Hill,  near 
London.  That  was  created  some  years  ago  for  the  purpose  of  systematic- 
ally training  young  men  for  the  Public  Works  Department  of  the  Gov- 
ernment of  India.  Even  in  that  great  dependency  of  the  British  Em- 
pire, all  the  leading  railways  have  been  executed  by  private  companies 
with  engineers  selected  by  themselves,  without  let  or  hindrance  from 
the  Government.  ***** 

"I  remain, 

' '  Yours  very  sincerely, 

"  James  Fokkest, 

"  Secretary." 

A  brief  descriiition  should  now  be  given  of  the  anomalous  system  of 
the  United  States,  which  has  by  no  means  kept  pace  with  the  wonder- 
ful growth  of  the  country  and  its  important  and  increasing  demands 
ujion  civil  engineering  skill. 

It  seemed  necessary,  at  lirst,  that  the  graduates  of  what  was  then  the 
only  school  in  the  country  that  taught  engineering,  even  though  it  was 
military  engineering,  should  be  selected  to  take  charge  of  the  small  be- 
ginnings of  Government  River  and  Harbor  Works,  especially  as  the 
country  was  at  peace  and  the  officers  could  be  spared  occasionally  from 
their  military  duties. 

In  addition  to  the  rei^uirements  of  our  Government  for  civil  engineer- 
ing talent,  there  has  been  a  demand  for  educated  and  skilled  civil  en. 
gineers  in  the  great  private  enterprises  of  the  country — roads,  canals, 
railroads,  bridges,  tunnels,  mines  and  water-works,  with  all  their  varied 
and  associated  constructions.  The  educators  of  the  country  have  not 
been  slow  to  apj^reciate  and  meet  the  necessity  for  educated  civil  engi- 
neers. Fifty  years  ago,  West  Point  Academy  proljably  taught  more 
engineering  than  any  other  school;  but  there  is  no  doubt  that  to-day  it 
teaches  much  less  of  it  than  many  private  schools  and  colleges  that 
might  be  mentioned.  Nor  is  this  all  that  might  be  said  of  our  civil  en- 
gineering schools.     They  are  far  in  advance  of  similar  schools  in  Europe. 

Professor  E.  A.  Fuertes,  Member  of  this  Society,  in  a  recent  letter  to 
the  author,  states  the  following  : 

"  After  a  detailed  study  of  these  questions  on  the  ground,  all  over 
Europe,  and  under  the  best  ausi^ices,  it  is  my  belief  that,  all  things 
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taken  togetlier,  there  are  oue-lialf  dozen  schools  in  this  country  that 
can  turn  out  better  material  for  making  civil  engineers  than  any  school 
I  saw  in  Europe,  excepting  one  in  Germany  and  one  iu  France.  And, 
comparing  the  attainments  of  West  Point  men  with  Troy,  Ann  Arbor  or 
Cornell  men,  they  may  be  said  to  l^e  quite  inferior.  In  the  first  place, 
a  young  man  entering  this  department  at  Cornell  requires  more  than 
one  year  more  of  mental  training  and  higher  knowledge  than  to  enter 
"West  Point.  Then  he  is  put  through  a  very  severe  course  of  training 
here,  exclusively  dedicated  to  make  him  an  engineering  student;  while 
a  glance  at  our  respective  courses  of  study  will  show  that  more  than 
one-half  the  time  of  the  West  Point  graduate  is  taken  up  with  military 
work.  Therefore  it  may  be  said  that,  in  reference  to  civil  engineering 
aptitude,  the  Cornell  man  is  to  the  West  Point  man  as  5  is  to  2,  all  other 
things  being  equal." 

Probably  there  has  been  no  retrogression  at  West  Point;  but  there 
has  been  a  great  advance  iu  all  the  other  schools,  to  meet  the  demand 
for  thoroughly  educated  civil  engineers. 

At  West  Point  the  first  fifth  in  each  class  are  assigned  on  graduation 
to  the  Engineer  Corps  of  the  Army,  and  their  excellence  in  all  the  mili- 
tary qualifications  of  their  ^jrofession  is  probably  unequaled.  They 
understand  from  books  and  from  capable  instructors  the  methods  of 
constructing  the  works  necessary  for  offensive  and  defensive  warfare. 
They  are,  however,  after  remaining  a  while  in  a  school  of  mUltary practice, 
placed  in  charge  of  designing  and  controlling  the  civil  works  of  the 
Oovernment.  Under  our  present  system  they  have,  therefore,  many  of 
them,  two  classes  of  duties  to  perform,  those  which  appertain  to  their 
profession,  and  those  which  belong  to  civil  engineering;  for,  under  the 
chief  of  the  military  engineers  are  placed  all  the  extensive  and  impor- 
tant river  and  harbor  works  of  the  Government,  on  which  is  expended 
annually  from  ten  to  fifteen  million  dollars.  The  civil  assistants  of  these 
military  engineers  make  the  surveys  of  the  harbors  and  rivers,  map  out 
the  hydrographic  and  tojiographic  work,  often  design  the  location  and 
construction  of  the  works,  are  familiar  with  all  the  conditions  on  which 
a  ijroper  design  depends,  and  make  the  estimates  of  the  cost  of  the  works. 

There  are  about  sixty  officers  in  charge  of  the  numerous  public  works 
of  the  Government,  and  there  are  under  them  about  three  hundred  civil 
assistant  engineers,  exclusive  of  draughtsmen,  surveyors,  inspectors, 
superintendents,  etc. 

The  civil  engineers  find  the  doors  of  advance  closed  against  them, 
no  matter  how  well  educated  or  skillful  they  may  be,  or  how  long  their 
connection  with  the  work  may  continue.  It  can  hardly  be  expected  that 
men  of  i^arts,  educated  and  experienced  in  the  works  of  their  profession, 
should  remain  long  in  the  emj^loy  of  the  Government  under  such  cir- 
cumstances. To  their  own  regret,  and  their  country's  loss,  they  seek 
•employment  elsewhere.  In  civil  life,  engineers  are  selected  for  their 
special  fitness  by  education  and  experience  for  the  work  in  hand;  but 
so  few  are  the  officers,  and  so  many  and  varied  are  the  works,  both  mil- 
itary and  civil,  which  the  Government  engineer  is  obliged  to  ijerform, 
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that  this  discrimiuation  canuot  be  made  on  the  public  works  of  the 
Government;  and  it  is  often  the  case  that  some  officer  who  may  have 
been,  since  his  graduation,  employed  on  a  boundary  survey,  is  detailed 
to  deepen  a  harbor,  improve  a  river,  or  design  and  execute  water  works. 

There  exist  very  cogent  reasons  for  some  change  in  the  laresent  sys- 
tem of  National  public  works  from  their  very  inception.  These  reasons 
have,  OQ  several  occasions,  been  presented  to  Congress. 

The  author  quotes  from  a  "Memorial  Relative  to  the  Proposed  Mis- 
sissippi Improvement  Commission,"  presented  to  Congress  some  years 
since,  and  signed  by  thirty  influential  Members  of  this  Society: 

"The  work  proposed  is  of  vast  scope  and  importance,  and  likely  to 
involve  great  expendituie.  The  highest  authorities  differ  as  to  the 
principles  that  are  applicable  in  the  premises.  The  regulation  of  the 
drainage  of  half  the  continent  is  a  problem  of  the  most  serious  charac- 
ter, and  the  country  should  have  the  very  best  advice  that  can  be  had. 

"It  is  true  that  a  commission  of  few  members,  belonging  to  the  same 
school  of  practice,  will  moi'e  readily  arrive  at  unanimous  recommenda- 
tions than  one  composed  of  a  greater  number  of  members,  of  varied 
experience  and  different  qualities  of  mind;  but  the  conclusions  of  the 
latter  would,  probably,  be  the  safer. 

"Although  the  construction  of  works  done  at  the  charge  of  the  gen- 
eral Government  has  long  been  in  the  hands  of  the  army  engineers,  it  is 
no  less  true  that  the  works  of  i^ublic  utility  executed  by  civil  engineers 
far  exceed  the  former  in  magnitude  and  importance,  and  it  appears 
unwise  that  the  country  should  be  dejirived  of  the  benefit  of  the  exper- 
ience acquired  by  the  civil  branch  of  the  profession. 

"For  these  reasons  the  undersigned  would  respectfully  suggest  that 
the  niimber  of  the  commission  should  not  be  less  than  seven,  compris- 
ing three  othcers  of  the  Engineer  Corps  of  the  Army,  three  eminent  civil 
engineers,  and  one  member  of  the  United  States  Coast  Survey,  and  that 
the  efficiency  of  the  commission  would  not  suffer,  by  reason  of  numbers, 
if  tAvo  or  more  persons  from  civil  life  were  added  to  it,  one  familiar  with 
the  navigation  of  the  river,  and  the  other  with  the  lands  subject  to  over- 
flow." 

Another  memorial,  drawn  up  also  about  four  years  since,  is  a  valu- 
able contribution  to  this  subject,  and  as  it  so  fully  sets  forth  the  reasons 
for  the  employment  by  the  Government  of  civil  engineers  in  its  more 
imi^ortant  works,  we  give  its  introductory  claiises. 

"A  memorial  relative  to  the  establishment  of  a  River  and  Harbor 
Improvement  Commission. 

"To  the  Senate  and  House  of  Representatives  of  the  United  States, 
in  Congress  assembled  : 

"  The  undersigned,  citizens  of  the  United  States,  Members  of  the 
American  Society  of  Civil  Engineers,  and  constantly  engaged  in  works 
of  civil  engineering,  beg  leave,  in  view  of  the  approaching  considera- 
tion by  your  honorable  bodies  of  the  '  Bill  for  the  Improvement  of 
Rivers  and  Harbors  in  the  United  States,'  resi^ectfully  to  present  for 
your  consideration  the  following  facts  : 

"The  present  system  under  which  the  appropriations  made  by  the 
bill  just  mentioned  are  expended  has  many  disadvantages,  not  the  least 
among  which  is  the  exclusion,  from  any  but  the  subordinate  positions  on 
the  works,  of  the  Civil  Engineers  of  the  United  States.     Many  of  these 
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are  eminent  in  their  jjrofession,  and  accustomed  to  carry  on  with  suc- 
cess and  economy  -works  of  greater  magnitude  than  any  contemplated 
under  the  annual  provisions  of  the  'River  and  Harbor  Bill.'  The 
•country  by  their  exclusion,  and  the  want  of  their  counsel  and  advice 
loses  both  in  money  and  time. 

"The  vast  importance  to  commerce,  and,  consequently,  to  the 
■country  at  large,  of  the  improvement  of  our  harbors  and  navigable 
streams,  needs  no  discussion.  This  being  universally  conceded,  the 
Government  is  entitled  in  the  prosecution  of  such  works,  to  have  the 
benefit  of  the  most  skilled  and  intelligent  labor.  This,  under  the 
present  system,  it  does  not  have. 

"  The  i^ublic  Avorks  under  the  '  River  and  Harbor  Bill '  have  hereto- 
fore been,  and  are  now,  carried  on  iinder  the  direction  of  the  Chief  of 
Engineers  of  the  U.  S.  Army,  by  officers  of  the  Corps.  So  inadequate 
in  point  of  number,  however,  is  the  force  available  for  the  works,  that 
many  civilians  are  and  have  been  employed  in  subordinate  positions  ; 
nominally  imder  the  direction  of  the  officers  of  engineers  in  charge,  but 
excluded  from  all  share  either  in  the  responsibility  of  the  work  or  in 
the  reputation  that  might  be  derived  therefrom.  The  country  is,  there- 
fore, practically  deprived  of  the  benefits  arising  from  the  knowledge, 
exiDerience  and  professional  skill  of  many  of  the  most  eminent  civilian 
engineers  ;  who  are,  naturally,  unwilling  to  accept  subordinate  compen- 
sation for  their  labors,  either  in  money  or  reputation.  Thus  the  works 
are  delayed,  and  the  burden  of  additional  expense  is  thrown  upon  the 
l^eople." 

To  sum  up  these  facts  and  arguments: 

Fii'st. — By  an  accidental  precedent  the  River  and  Harbor  Works  of 
the  Government,  were  i^laced  in  the  exclusive  charge  of  the  Military 
Engineers. 

Second. — The  large  number  of  civil  assistants  employed  by  these 
military  engineers  hold  a  very  subordinate  joosition,  unworthy  of  their 
attainments,  and  without  i^rospect  of  advancement  or  of  reputation. 

Third. — This  anomaly  prevents  the  Government  from  obtaining  the 
services  of  the  best  civil  engineers,  and  debars  them  from  work  to  which 
their  education  and  skill  particularly  adapt  and  entitle  them. 

Fourth. — Our  commez'cial  interests  have  increased  to  such  an  extent 
the  number  and  the  imjiortance  of  the  Government  public  works  that 
they  cannot  well  be  superintended  by  the  military  engineers  in  connection 
with  their  other  duties. 

Fifth. — There  should  be  some  legislation  by  Congress  which  should 
separate  the  military  from  the  civil  works,  or  at  least  establish  a  system 
that  should  not  sul)ordinate  the  civil  to  the  military.  We  have  only 
begun  these  great  jiublic  works.  They  will  in  a  few  years  assume  pro- 
portions that  cannot  be  conceived  of  now  ;  and  it  is  necessary  that  some 
.system  be  adopted  to  meet  the  future  wants  of  the  Government  and  the 
necessity  which  will  then  exist,  if  it  does  not  now,  for  the  employment 
of  the  best  civil  engineering  talent. 

Therefore,  referring  again  to  the  paper  on  the  South  Pass  Jetties, 
now  under  discussion,  the  final  issue  taken  with  the  author  by  Colonel 
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Merrill  is  in  the  final  lesson  of  this  paper.  He  lias,  however,  failed  to 
take  the  lesson  as  given,  either  in  its  letter  or  spirit.  The  lesson  the 
author  gave  was  this: 

"Finally,  a  lesson  may  be  drawn  from  this  matter  concerning  the 
proper  mode  of  carrying  on  public  engineering  works.  That  lesson  is,  as 
it  appears  to  the  writer,  that  the  Government  should  summon  to  its  aid 
the  best  engineering  talent  within  its  reach,  and  should  not  give  the 
general  or  exclusive  charge  of  public  improvements  into  the  hands  of 
engineers  educated  to  conduct  works  of  a  totally  different  character." 

James  B.  Eads,  M.  Am.  Soe.  C.  E.— Col.  Merrill's  i^aper  purports  to 
be  a  continuation  of  the  discussion  of  Mr.  Corthell'siiaper  on  the  South 
Pass  Jetties,  but  it  is  really  a  defense  of  the  Galveston  works  and  the 
engineers  responsible  for  them.  It  was  scarcely  in  possession  of  this 
Society  before  it  was  read  in  the  United  States  House  of  Representatives 
to  defeat  a  measure  then  jsending,  which  was  designed  by  a  Com- 
mittee of  the  House  to  take  the  direction  of  the  improvement  of 
Galveston  Harbor  out  of  the  control  of  the  United  States  Corps  of 
Engineers.  It  is  therefore  proper  to  consider  it  in  connection 
with  the  official  reports  of  the  Chief  of  Engineers,  Gen.  Newton, 
and  the  Resident  Engineer,  Col.  Mansfield,  U.  S.  A.,  Avhich  were  made 
to  Congress  for  the  fame  purpose  and  at  about  the  same  time.  The 
statements  of  the  three  officers  together,  bring  into  clearer  prominence 
the  combined  methods  by  which  this  legislation  was  defeated,  and 
enable  us  to  form  a  more  correct  estimate  of  the  value  of  Col.  Merrill's 
contribution. 

Misleading  statements  respecting  the  South  Pass  Jetties  can  now 
only  affect  the  public  interest  by  perverting  the  judgment  of  Congress 
in  reference  to  similar  improvements  elsewhere  contemj^lated.  But 
those  which  have  been  made  in  defense  of  the  plans  of  the  Galveston 
Jetties  in  Colonel  Merrill's  paper,  and  in  the  recent  official  reports  of 
General  Newton  and  Colonel  Mansfield,  are  calculated  not  only  to  mis- 
lead the  public,  but  to  indefinitely  delay  the  improvement  of  a  harbor 
■which  constitutes  the  natural  outlet  of  a  highly  productive  region,  much 
larger  in  area  than  the  entire  German  empire,  and  fully  equal  to  that 
of  New  York,  Pennsylvania,  Ohio,  Missouri  and  the  two  Virginias  com- 
bined. The  discrepancies  between  their  recent  official  statements  and 
those  in  their  previous  reports  will  be  found  most  astonishing.  The 
high  positions  which  these  officers  hold,  and  the  importance  of  the 
public  works  which  they  control,  give  to  these  contradictions  unusual 
interest,  not  only  to  this  Society  and  the  public  generally,  but  to  every 
Member  of  Congress  Avho  desires  to  estimate,  at  its  proper  value,  the 
official  information  which  these  engineers  may  place  before  him  from 
time  to  time  for  his  guidance.  They  are  so  remarkable  that  I  have 
used  italics  in  many  instances,  when  repeating  their  language,  to  call 
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more  particular  attention  to  them.  I  have  also  given  page  and  volume 
where  the  quotations  I  have  made  may  be  found  in  full,  for  the  limits 
of  this  jaai^er  compel  such  abbreviations  of  them  as  may  lead  the  reader 
to  infer  that  I  have  unfairly  curtailed  them,  in  which  case  he  can  ex- 
amine the  reports  in  full,  in  the  confident  expectation  of  finding  in 
them  not  only  an  astonishing  disregard  of  facts,  but,  in  the  plans  of 
Galveston  Harbor,  the  most  preposterous  engineering  absurdity  in  the 
annals  of  harbor  improvement.  In  my  address  before  the  Senate  Com- 
mittee, May  21st,  1884, 1  exposed  its  incongruous  features  so  plainly,  that 
there  seemed  but  one  way  left  to  save  the  rei^utation  of  those  who  are 
responsible  for  its  paternity  from  irreparable  injury,  and  that  was  to 
deny  the  facts.  That  these  three  officers  have  done  this  in  a  suriirising 
manner  I  will  show,  after  first  commenting  on  Colonel  Merrill's  state- 
ments in  relation  to  myself  and  the  South  Pass  Jetties. 

Some  of  his  inaccuracies  need  explanations,  which  should,  in  fair- 
ness, have  accompanied  them,  whilst  others  are  altogether  at  variance 
with  patent  and  undisputed  facts.  He  states,  for  instance,  that  I  con- 
tracted "to  give  a  depth  of  30  feet  for  a  width  of  350  feet  for  ^7  250  000," 
which  is  an  over-statement  of  S2  000  000.  Again,  he  says  that  I  earned 
only  $1  750  000  under  the  original  contract,  and  leaves  his  readers  to 
infer  that  the  remainder  of  $7  250  000,  namely,  .$5  500  000,  was  the 
"large  bonus  "  which  he  says  "the  United  States  was  warranted  in  pay- 
ing for  them  (the  jetties)  over  the  cost  of  construction."  He  includes  in 
the  cost  of  construction  the  cost  of  twenty  years  of  maintenance,  by  which 
the  reader  is  confirmed  in  the  belief  that  $7  250  000  has  been  actually  paid 
to  me  for  securing  the  channel,  independently  of  its  maintenance.  The 
board,  which  was  directed  by  Congress,  in  1874,  to  report  the  probable  cost 
of  improving  the  bar,  estimated  it  at  $5  342  110,  and  .$130  000  per  annum 
as  the  cost  of  maintaining  the  works  and  channel  afterwards.  I  agreed  to 
secure  a  channel  4  feet  deeper  than  the  board  contemplated  for  only 
$5  250  000,  and  have  agreed  to  maintain  this  channel  for  twenty  years 
for  $600  000  less  than  the  estimate  of  the  board.  Therefore  the  state- 
ment that  the  Government  has  paid  me  a  large  bonixs  is  wholly  without 
foundation.  Colonel  Merrill  states  also  that  "  the  engineer  who  built 
them  contracted  with  Congress  to  give  a  depth  of  30  feet  *  *  *  and 
failed  to  secure  the  depth."  This  is  equally  incorrect.  The  depth  of 
30  feet  was  secured,  and  has  been  maintained  for  more  than  five  years. 
He  says  that  the  obligation  to  produce  a  central  depth  of  30  feet  added 
nothing  to  the  obligation  to  secure  a  depth  of  26  feet  over  a  width  of  200 
feet,  as  a  central  depth  at  least  4  feet  greater  would  necessarily  result. 
This  is  also  incorrect.  The  cross-section  of  a  jetty  channel  depends 
upon  the  average  maximum  volume  of  water  passing  through  it,  and  if 
the  width  of  the  26-foot  channel  be  increased  its  central  depth  will  be 
decreased.  This  has  frequently  occurred  in  many  parts  of  this  channel. 
Under  the  law,  if  the  30-foot  depth  fails  to  be  maintained,  even  by  an 
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inch,  and  for  a  day,  the  pay  for  maintenance  stops  until  the  full  depth  is 
restored.  Furthermore,  under  the  ruling  of  the  Atto)ney-General,  the 
interest  agreed  to  be  paid  by  the  Government  on  .^1  000  000  security, 
which  it  holds,  also  stops. 

Col.  Merrill  declares  that  in  March,  1879,  I  jirocured  the  passage  of 
an  act  "  redistributing  the  jiayments  so  that  I  should  receive  the  same 
sum  (.^7  250  000),  for  the  26-foot  channel  as  I  was  to  have  received  for 
the  30-foot  channel."  He  thus  not  only  repeats  his  misstatements  that 
I  get  two  million  dollars  more  than  I  really  do  get,  but  at  the  same 
time  he  leads  the  reader  to  suppose  that  the  channel  is  only  26  feet  deep 
when  it  is  30  feet. 

After  making  these  erroneous  and  misleading  statements,  CIol.  Mer- 
rill says  that  he  mentions  these  "  fact.<=,"  as  he  calls  them,  "  to  show  the 
great  difficulty  of  making  results  tally  with  predictions  when  dealing 
with  large  bodies  of  water  in  motion,  and  to  show  that  iron-clad  con- 
tracts with  the  Government  can  sometimes  be  set  aside."  This  caps  the 
climax  of  unfairness.  He  leads  the  reader  to  believe  the  very  reverse  of 
the  truth;  namely,  that  I  had  found  it  impossible  to  create  so  large  a 
channel  as  I  had  agreed  to,  and  that,  regardless  of  the  piiblic  interest,  I 
had  sought  release  from  that  ol)ligation  solely  for  my  personal  benefit. 
Not  a  word  of  explanation  is  given  to  save  me  from  the  odiiim  which  I 
would  justly  incur  if  such  an  inference  were  true,  nor  even  to  exempt 
the  National  Legislature  from  the  imputation  which  is  i^lainly  implied 
by  his  statement. 

The  exjierience  of  Col.  Merrill,  and  the  army  officers  whom  he  de- 
fends, has  unqirestionably  taught  them  "the  great  difficulty  of  making- 
results  tally  with  i:»redictions,"  but  the  jdirase  is  not  applicable  to  the 
works  at  South  Pass,  so  far  as  any  predictions  of  mine  are  concerned. 
If  the  results  of  my  works  have  signally  failed  to  tally  with  their  pre- 
dictions, it  is  to  be  regretted  that  such  inaccurate  statements  as  these 
should  be  piiblished  about  them  now,  for  they  are  calciilated  to  revive 
memories  of  a  controversy  of  ten  years  ago,  in  which,  as  the  Avorld 
knows,  the  honors  did  not  rest  with  those  who  opposed  the  jetties. 
"  The  large  bodies  of  water  in  motion"  then  under  discussion,  have, 
by  means  as  simple  as  the  results  are  sublime,  been  so  dealt  with  that 
all  of  my  predictions  are  now  history,  and  those  of  my  opj)onents  are 
resting  in  the  grave  of  exploded  theories,  and  cannot  be  galvanized  into 
even  a  semblance  of  life  by  further  disciission. 

It  seems  passing  strange  that  these  remarkal)le  statements  should  be 
made  by  one  to  whom  the  question  of  the  modification  of  this  "iron- 
clad contract  "  was  officially  referred,  and  who  for  this  reason  should  be 
thoroughly  familiar  with  its  provisions. 

The  real  facts  are,  that  the  opposition  to  my  i)roi)osition  to  improve 
the  mouth  of  the  Mississippi  by  jetties,  by  engineers  of  the  army,  when 
the  original  bill  was  pending,  caused  the  Senate  Committee  to  insist  on 
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the  enormoiis  cliannel  dimensions  spec-ified,  l)ecaiise  similar  dimensions 
liadbeen  proposed  1)y  me  for  tlie  Sonthwest  Pass,  wliicli  disc-liarges  fonr 
times  tlie  volume  of  the  South  Pass,  and  which  was  the  one  I  desired  to 
improve,  and  which  would  have  been  given,  to  me  but  for  the  opposition 
of  the  army  engineers,  the  House  having  passed  the  bill  for  that  Pass. 
In  answer  to  my  assurance  to  the  Committee  at  the  time,  that  these 
dimensions  were  not  only  injudicious,  but  dangerous,  I  was  advised  by 
Senators  in  favor  of  the  proposal  to  accept  them,  with  the  assurance 
that  when  a  channel  such  as  the  l)oard  of  1874  contemplated,  shoi;ld 
be  secured,  there  would  be  no  difficulty  in  convincing  Congress  of  the 
impolicy  of  insisting  upon  a  larger  channel. 

At  no  time  has  there  ever  been  the  slightest  admission  on  my  part 
that  I  could  not  produce  the  channel  requii-ed.  I  had  the  Avhole  vohime 
of  the  Mississippi  so  harnessed  at  the  head  of  the  Passes  in  1877,  and 
have  to-day,  that  it  was  then,  and  is  now  in  my  power  to  produce  a  chan- 
nel 40  feet  deep  by  400  feet  in  width  through  the  South  Pass,  with  very 
little  additional  cost. 

When  the  time  came  to  increase  the  flow  of  water  into  the  South 
Pass  to  produce  the  channel  required,  I  called  the  attention  of  the 
Government  to  the  danger  of  such  a  proceeding;  that  it  would  destroy 
the  equilibrium  existing  between  the  volume  of  the  three  passes  and 
their  respective  slopes  of  surface,  and  would  create  a  tendency  for  the 
entire  river,  instead  of  one-tenth  part  of  it  (which  is  discharged  by  this 
Pass),  to  seek  its  way  through  it,  because  its  slope  is  so  much  steeper 
than  that  of  the  two  larger  jjasses;  and  that  any  important  enlargement 
of  the  Pass  would  endanger  the  stability  of  the  jetties. 

In  my  letter  to  the  Secretary  of  War  in  1878  (Corthell's  History, 
page  311),  I  said:  "  We  do  not  ask  to  have  the  depth  of  30  feet  lessened; 
but  observation  confirms  the  opinion  I  expressed  to  the  committees 
when  the  bill  was  under  consideration  (in  1875),  that  the  width  re- 
quired was  injudicious  and  might  involve  injury  to  the  works."  At 
the  same  time  I  called  the  Secretary's  attention  to  the  fact  that  we  had 
executed  80  per  cent,  of  the  works  and  had  received  only  18  per  cent,  of 
their  cost,  and  asked  that  the  severity  of  the  conditions  of  payment 
should  be  modified,  as  such  terms  were  wholly  unnecessary  for  the 
seciirity  of  the  Government.  These  two  questions:  first,  the  safe  di- 
mensions of  the  channel;  and  second,  my  financial  relief,  were  referred 
to  Congress  by  the  Secretary. 

One  million  dollars  in  advance  of  the  terms  of  this  "  iron-clad  con- 
tract"  was  voted  to  me  at  that  Session  of  Congress,  and  the  fact  that 
there  was  but  one  vote  in  the  Senate  against  it,  and  that  the  vote  was 
almost  unanimous  in  the  House,  is  the  best  possible  evidence  of  the  con- 
viction of  Congress  that  its  terms  were  unnecessarily  severe,  and  that  the 
imputations  of  Col.  INIerrill  are  without  foundation.  The  act  appropri- 
ating this  sum  contained  a  provision,  put  in  at  my  request,  for  the  ere- 
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ation  of  a  board  of  engineers  to  consider  aud  advise  Congress  witli 
reference  to  the  wisdom  of  insisting  on  the  specified  dimensions  of  the 
channel.  The  act  also  required  this  board  to  examine  and  report  upon 
the  condition  of  the  works,  and  also  what  further  relief  I  was  entitled  to. 
Col.  Merrill  was  a  member  of  this  board  with  fonr  older  members.  Not- 
withstanding the  wish  of  Congress  to  be  advised  as  to  the  danger  of 
insisting  on  these  dimensions,  the  board  refrained  from  giving  any  opin- 
ion on  that  point.  It  declared  that  "  any  change  must  be  for  the  bene- 
fit of  the  contractor"  (page  351,  Corthell's  History),  and  said:  "In  view 
of  the  various  considerations  presented  in  the  report,  and  of  the  confi- 
dence expressed  by  Mr.  Eads  of  his  ability  to  secure  ultimately  the  re- 
quired channel  of  30  by  350  feet,  the  board  does  not  recommend  any 
further  change  in  the  dimensions  of  the  channel  required  by  the  con- 
tract" (Corthell,  page  355). 

Col.  Merrill  leads  the  reader  to  believe  now,  that  I  could  not  make 
"results  tally  with  predictions,"  and  hence  sought  relief  from  the 
obligation  to  do  so,  when  in  fact,  over  his  own  signature,  with  the 
other  members  of  his  board,  he  then  declared  that  it  was  because  "of 
the  confidence  expressed  by  Mr.  Eads  of  his  ability  to  secure  ultimately 
the  required  channel  of  30  by  350  feet,"  that  they  declined  to  recom- 
mend any  alteration  in  the  size  of  it ! 

Congress  did  not  want  to  know  whether  I  was  confident  or  not  of  my 
ability  to  produce  the  channel.  I  was  bound  by  contract  to  produce  it, 
and  had  never  intimated  the  least  inability  to  do  it.  Congress  knew  that 
I  had  expressed  the  opinion  that  it  was  not  safe  to  do  it,  because  it  would 
jeopardize  the  permanence  of  the  improvement;  and  that  I  had  asked 
that  this  question  of  insistence  should  be  referred  to  a  board  of  engineers 
for  their  unbiased  opinion  on  this  point. 

Congress  was  not  satisfied  with  the  evasive  answer  of  the  board,  and 
the  Senate  Committee  charged  with  the  matter  called  two  of  the  oldest 
members  of  the  board.  Generals  Barnard  and  Wright,  before  it,  and 
questioned  them  directly  as  to  the  safety  of  this  proceeding.  They  then 
stated  that  they  did  not  think  it  would  be  safe  to  alter  the  conditions  at 
the  head  of  the  passes;  and  one  of  them,  who  had  been  a  member  of  the 
board  of  1874,  stated  that  that  board  had  also  considered  this  question* 
and  was  of  the  opinion  that  it  would  not  be  prudent  to  increase  the  flow 
into  South  Pass.  It  was,  therefore,  upon  the  testimony  of  two  of  the 
highest  members  of  Col.  Merrill's  own  corps,  who  at  the  time  were  mem- 
bers of  the  board  to  which  he  belonged,  and  also  upon  the  concurring 
testimony  of  the  board  of  1874,  that  Congress  determined,  as  a  matter  of 
public  interest  and  safety,  and  not  on  my  account  at  all,  that  this  enor- 
mous channel  should  not  be  insisted  upon. 

The  wisdom  of  Congress  in  not  demanding  this  large  channel,  has  been 
already  shown  by  the  fact  that  several  feet  greater  depth  exists  below  the 
submerged  sills  that  were  laid  across  the  the  heads  of  the  larger  passes 
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to  control  the  flow  into  them,  than  before  existed;  and  from  the  further 
fact  that  depths  70  and  80  feet  greater  than  any  which  existed  before  at  the 
head  of  the  South  Pass  have  occurred  since  the  works  necessary  to  control 
the  flow  of  water  into  it  were  constructed.  To  have  produced  the  dimen- 
sions originally  specified  would  have  involved  the  necessity  of  largely  in- 
creasing the  flow  into  the  South  Pass,  whereas  it  has  not  been  perceptibly 
increased  or  diminished  by  these  works. 

Col.  Merrill  and  his  board  recommended  that  further  financial  relief 
(beyond  $250  000,  all  of  which  was  to  be  applied  in  the  prosecution  of 
the  work)  should  not  be  given  to  me  until  after  I  secured  a  channel  26 
feet  deep  with  a  width  of  300  feet  at  the  bottom,  while  in  another  para- 
graph they  expressed  the  opinion  that  it  was  only  possible  for  the  jetties 
to  create  one  26  feet  deep  in  the  middle  of  the  channel.  That  is,  they 
advised  that  I  should  have  no  further  relief  until  I  produced  what  they 
deemed  an  impossible  channel !  And  they  gave  this  advice  when  $S  250- 
000  of  the  total  price  was  still  in  the  hands  of  the  Government,  and  90  per 
centum  of  the  work  was  completed  (Corthell,  352  and  354). 

Notwithstanding  this  inexcusably  illiberal  recommendation,  Con- 
gress, with  great  unanimity,  voted  me  an  additional  payment  of 
S750  000  without  any  conditions  whatever,  and  limited  my  obliga- 
tions with  respect  to  the  channel  to  "26  feet  in  depth,  not  less  than 
200  feet  in  width  at  the  bottom,  and  having  through  it  a  central  depth 
of  30  feet." 

The  report  of  this  board  Avill  be  found  rich  in  expressions  of  approval 
of  the  work,  and  of  the  certainty  of  its  success,  to  the  extent  of  possibly 
25  or  26  feet  central  depth.  The  secret  of  its  profuse  approval  will 
probably  be  better  understood  Toy  reference  to  the  rejjort  (page  365  of 
Corthell's  History),  in  which  it  assumes  that  I  was  simply  carrying  out 
the  plans  of  the  board  of  1874,  and  says:  "No  reason  is  known  why  Con- 
gress should  not  have  left  the  execution  of  the  work  to  its  own  agents, 
except  that  the  present  contractor,  Mr.  James  B.  Eads,  ofl'ered  to  ac- 
complish the  results  contemplated  by  the  board  without  payment,  unless 
those  results  are  secured."  In  other  words.  Col.  Merrill's  board  pro- 
posed, very  innocently,  to  deprive  me  of  -whatever  credit  I  was  entitled 
to  for  originality  in  my  plans  and  the  success  which  attended  them,  thus 
lessening  the  equity  of  my  claim  upon  Congress  for  the  relief  which  I 
sought. 

In  reviewing  the  report,  I  referred  to  this  statement  and  its  unfair 
conclusions,  and  in  self-defense  stated  that  I  urged  the  jetty  plan  of  im- 
provement as  the  only  pro^jer  one,  early  in  1873,  and  that  in  the  winter 
following  I  made  a  formal  proposition  to  Congress  to  deepen  the 
mouth  of  Southwest  Pass  by  Jetties,  and  oflered  to  guarantee  their 
complete  success  before  any  member  of  the  Corps  of  Engineers  had 
ever  expressed,  officially  or  publicly,  any  preference  whatever  for  this 
method,  and  before  the  Board  of  1874  was  even  thought  of  ;  and,  fur- 
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tliermore,  that  the  plans  I  was  executing  were  my  own  and  not  these  of 
that  board. 

Congress  was  guided  by  the  report  and  estimate  of  the  board  of 
1871  in  making  this  contract,  and  it  has  secured  by  it  a  channel  fully 
one-quarter  larger  than  that  board  contemplated,  and  for  $92  110  less 
than  its  estimate.  It  has  secured,  also,  the  miuntenance  of  this  channel 
for  twenty  years  for  $600  000  less  than  the  price  estimated  for  the  main- 
tenance of  a  smaller  one,  and  it  holds  $1  000  000  security  for  the  remain- 
ing fourteen  years  of  maintenance.  Yet,  with  all  this.  Colonel  Merrill 
is  not  satisfied,  but  leads  his  readers  to  believe  that  the  Government  has 
been  overreached  by  me.  It  was  Congress,  and  not  I,  who  selected  this 
little  pass,  and  if,  after  careful  investigation,  it  restricted  the  size  of  the 
jetty  channel  to  the  limits  of  safety,  and  thus  disregarded  his  advice, 
that  is  no  reason  why  any  one  should  mi.sstate  facts  or  feel  hurt  about  it 
six  years  afterwards.  It  should  be  sufficient  consolation  to  him  to  know 
that  the  Government  has  secured  the  largest  channel  which  it  is  i50s- 
sible  for  the  normal  discharge  of  this  little  pass  to  safely  maintain, 
and  one  which  is  four  or  five  feet  deeper  than  he  ever  thought  possible. 

The  Fort  St.  Philip  Canal. 

The  Government,  in  ]  873,  again  imposed  upon  some  of  its  army  engi- 
neers the  question  of  opening  the  mouth  of  the  Mississippi,  a  problem  with 
which  they  had  frequently  wrestled  in  the  previous  forty  years.  In  1874 
a  board  of  seven  officers  recommended  a  canal  from  the  river  near  Fort 
Saint  Philip  to  deep  water  in  the  Gulf.  Its  estimated  cost  was  $13  000  000. 
Its  actual  cost  would,  doubtless,  have  reached  $20  000  000,  and  at  the 
usual  rate  of  Government  works  it  would  have  taken  twenty  years  to 
complete  it.  Not  one  of  the  entire  corps  opposed  this  ill-advised 
scheme,  excepting  General  Barnard,  certainly  the  ablest  and  most  ac- 
complished civil  engineer  in  the  army.* 

In  1874  the  House  had  actually  voted  $8  000  000  to  begin  this  canal 
with,  when  the  measure  was  defeated  by  the  jetty  bill.  In  one-fourth 
of  the  time,  and  with  one-fourth  of  the  money  required  for  the  canal, 
an  open  channel  to  the  sea,  through  the  jetties,  in  every  way  better  and 
deeper,  was  secured  for  the  vast  empii*e  drained  by  the  Mississipisi 
Kiver.  Not  a  single  ship  in  the  i?ast  six  years  has  been  detained  one 
moment  for  lack  of  deep  water  through  this  channel.     Before  we  com- 

*  General  Barnard,  in  his  minority  report  on  the  Fort  Saint  Philip  Canal,  dated  29th  Janu- 
ary, 1874,  discusses,  first,  the  method  of  dredging  or  stirring  up  the  bottom,  and,  second,  that 
of  jetties.  With  respect  to  dredging,  he  says:  "  By  reference  to  the  best  authority,  I  have 
proved  the  adequacy  of  dredging  operations  on  the  bar  by  well  tested  means;  but  I  think  there 
is  yet  room  for  improvement,  and  especially  in  diminishing  cost."  He  further  says  of  dredg- 
ing, that  the  attainment  of  20  feet  depth  on  the  bar  has  by  no  means  been  established  to  be 
the  maximum,  and  adds;  "As  to  that  depth,  however,  we  have  the  strongest  assurances."  He 
discusses  the  jetty  method  of  improvement  with  great  ability,  and  says;  "The  question  sub- 
mitted, however,  is  not  so  much  to  recommend  its  trial  (the  jetty  system)  as  to  recommend  its 
consideration,  and  that  scrutiny  and  survey  on  which  alone  estimates  can  be  based." 
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menced  the  work,  thirty-five  vessels  in  one  day  alone  were  reported  to  bo 
waiting  inside  of  the  bar  to  get  out  to  sea;  three  were  aground  on  the 
bar;  and  seventeen  were  outside  waiting  to  come  into  the  river.  These 
facts  constitute  an  insuperable  bar  to  all  adverse  criticism  from  the 
Engineer  Corps  of  the  United  States  Army.  Statisticians  have  estimated 
the  annual  saving  in  the  cost  of  transportation  which  has  resulted 
directly  from  the  jetties,  and  from  their  influence  upon  other  routes  to 
the  seaboard,  as  high  as  ^100  000  000  per  annum.  Assuming  that 
this  saving  has  only  been  one-tenth  as  much,  the  country  and  the  Engi- 
neer Corps  of  the  Army  are  still  vastly  better  oflf  than  they  would  have 
been  if  we  had  not  built  the  jetlies.  The  s^Dlendid  results  achieved  by 
them,  their  low  cost  and  rapid  construction,  compared  with  the  canal, 
all  conclusively  prove  now,  that  the  canal  was  not  the  projier  solution  of 
the  problem. 

Galveston  Hakbok.* 

The  harbor  Avorks  which  have  been  in  progress  during  the  last  ten 
years  at  Galveston,  having  produced  no  apjireciable  increase  of  dejitli 
on  the  bar,  the  representative  men  of  that  city  addressed  a  request  to 
me  in  1883  to  undertake  to  secure  the  requisite  depth  on  terms  similar 
to  those  under  which  the  works  at  South  Pass  were  executed.  This 
I  consented  to  do,  on  condition  that  they  would  secure  the  necessary 
legislation.  Accordingly  a  Bill  (No.  1652)  was  introduced  in  the  Senate, 
authorizing  me  to  obtain  a  channel  30  feet  deep  at  a  maximum  cost  of 
S7  750  000  (the  works  required  being  two  and  a  half  times  greater  than 
those  at  South  Pass),  and  payments  being  conditioned  wholly  upon 
securing  stipulated  depths.  This  jDroposal  was  indorsed  by  the  entire 
Congressional  Delegation  of  Texas;  by  the  leading  citizens  of  the  port; 
by  its  Mayor  and  Council ;  by  the  Legislature  of  Texas  ;  and  by  almost 
the  entire  press  throughout  the  immense  territory  of  which  Galveston 
is  the  chief  seaport. 

Because  of  the  misrepresentations  with  which  my  offer  to  deepen 
the  mouth  of  the  Mississippi  in  1874  had  been  assailed,  and  the  jjersonal 
annoyance  incident  thereto,  I  declined  to  appear,  even  before  the  two 
Committees  at  Washington,  to  advocate  my  proposal,  although  desired 
to  do  so  by  the  unanimous  request  of  the  Congressional  Delegation 
from  Texas.  On  my  return,  however,  from  England,  I  read  with  as- 
tonishment the  very  imfair  rej^orts  of  Gen.  Newton  and  Col.  Mansfield 
upon  it,  and  believing  that  if  their  misstatements  were  not  corrected  I 
would  rest  under  the  imputation  of  having  fixed  up  a  scheme  to  extort  a 
large  sum  from  the  piiblic  treasury,  I  asked  to  be  heard  l)y  both  com- 
mittees in  its  defense ;  and  I  particularly  requested  that  Gen.  Newton 
should  be  invited  to  be  present.     I  then  exi)lained  the  plan  of  these 

*  The  maps  which  are  herewith  appended  and  referred  to  in  the  text,  are  reduced  by  photo- 
lithography from  the  criginal  ones  in  the  official  reports  referred  to,  excepting  the  compara- 
tive Plate  No.  XIII,  which  was  carefully  prepared  by  Mr.  Corthell  from  the  other  four. 
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officers,  showing  conclusively  that  it  was  never  designed  to  produce 
more  than  18  feet,  and  that,  owing  to  the  great  width  of  the  jetties, 
the  huge  gaps  in  them,  and  their  low  heights  and  short  lengths,  no 
improvement  whatever  could  he  expected  from  their  completion.  My 
argument  was  so  unanswerable  that  they  had  no  alternative  left  but  to 
deny  that  their  plan  embraced  these  fatal  defects,  or  to  admit  the  con- 
clusion. 

The  Senate  Committee  on  Commerce,  after  hearing  my  arguments  in 
favor  of,  and  General  NcAvton's  against  the  Bill,  reported  it  favorably 
to  the  Senate.  The  River  and  Harbor  Committee  of  the  House  had 
Ijreviously  placed  on  their  Bill  $250  000,  with  which  to  continue  the 
work  of  the  army  engineers.  But  the  Texas  delegation  unanimously 
authorized  a  motion  that  this  sum  be  stricken  from  the  Bill,  and  this 
remarkable  motion  was  made  in  the  House  and  adopted.  This  dele- 
gation then  urged  that  Senate  Bill  1G52,  embodying  my  pro]Josition, 
should  be  made  a  part  of  the  River  and  Harbor  Bill.  The  Com- 
mittee objected  to  this,  and  as  a  compromise,  reported  a  much  larger 
appropriation  for  Galveston  Harbor,  and  without  my  Jinowledge  or  re- 
quest, put  a  clause  in  the  Bill  providing  that  I  should  be  placed  in 
charge  of  the  works  ujion  a  salary.  The  Bill  containing  this,  and 
probably  one  hundred  other  appropriations,  was  finally  defeated. 

The  Jetty  System  Explained. 

It  is  known  to  all  engineers  familiar  with  harbor  improvements,  that 
the  jetty  system  is  a  method  of  deepening  and  maintaining  a  channel 
across  a  shoal  by  such  works  as  shall  compel  the  water  flowing  over  the 
shoal  to  pass  through  a  narrower  channel;  but,  as  this  paper  will  be 
read  by  some  who  are  not  familiar  with  harbor  improvements,  I  will  be 
l)ardoned  for  stating  the  following  elementary  principles  which  control 
such  problems  : 

First. — A  current  is  caused  by  the  fall  of  water  from  a  higher  to  a 
lower  level,  which  fall  is  indicated  by  the  slope  or  inclination  of  the  sur- 
face of  the  water. 

Second. — Friction  of  the  bed  over  which  the  water  flows  is  the  chief 
force  opposed  to  the  current. 

Third. — The  velocity  of  the  current  will  be  increased  by  either  in- 
creasing the  slope  of  surface  or  by  increasing  the  volume,  or  by  lessen- 
ing the  friction. 

Fourth.^The  friction  increases  as  the  width  of  the  bed  increases;  that 
is  to  say,  if  the  bed  of  the  channel  be  twice  as  wide,  the  friction  will  be 
doubled;  if  its  width  be  reduced  one-half,  the  friction  will  be  reduced 
one-half. 

Fifth. — The  power  of  water  to  transport  sand  increases  with  the 
square  of  the  velocity. 

As  every  grain  of  sand  that  lies  upon  the  shoal  is  brought  by  the  cur- 
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rent  and  left  there,  because  it  could  take  it  no  further,  it  follows  that  we 
cannot  ho^je  to  deei^en  the  channel,  except  by  increasing  the  current. 
This  can  be  done  in  three  ways,  but  in  this  case  it  is  impossible  to  do  it 
<d  first,  except  by  increasing  the  slope  of  surface.  After  the  current  is 
increased,  deepening  commences,  and  as  the  contracted  channel  enlarges, 
the  slojje  is  gradually  reduced  to  its  former  inclination.  When  this  oc- 
curs the  old  rate  of  current  would  return,  but  the  other  two  elements, 
namely,  increase  of  voluvie  and  diminished  friction,  then  continue  the 
abnormal  acceleration.  As  the  deepening  goes  on  a  reduction  of  slope 
follows,  and  this  finally  reduces  the  velocity  so  much  that  deepening 
ceases.  The  slope  results  from  the  difference  of  the  heights  of  the  water 
in  the  Bay  and  the  Gulf.  To  facilitate  the  flow  from  one  to  the  other,  by 
leaving  openings  through  the  jetties,  tends  to  keep  these  heights  nearer 
alike  and  the  resulting  slope  between  them  must  then  he  less,  not  greater. 
This  is  precisely  what  we  do  not  want  at  first. 

With  these  simple  principles  before  us,  the  reader  will  be  amazed  at 
the  fact  that  the  engineers  at  Galveston  actually  proposed  to  leave  two 
enormous  gajss,  each  more  than  a  mile  wide,  between  the  land  and  the 
inner  end  of  each  jetty,  to  facilitate  the  inflow  into  the  bat//  The  fric- 
tional  resistance  of  the  bed  of  the  channel  was  absolutely  ignored  in 
planning  the  works,  for  they  i^laced  their  jetties  2i  miles  apart.  In  addi- 
tion to  these  errors,  they  proposed  to  build  up  only  a  small  portion  of 
their  isolated  works  to  the  level  of  mea/i  low  tide,  overlooking  the  under- 
mining effect  of  currents  flowing  over  their  tops,  and  as  an  escapement 
of  the  ebb  tide  would  be  made,  not  only  through  the  enormous  gajjs,  but 
over  the  whole  line  of  the  jetties,  no  increase  of  current  could  jaossibly 
occur  to  deepen  the  channel.  They  furthermore  limited  the  length  of 
one  jetty  to  the  12-foot  contour,  and  the  other  one  was  to  extend  only  to 
the  depth  of  13^  feet;  and  with  these  they  expected  to  maintain  an 
18-foot  channel,  overlooking  the  fact  that  the  waves  of  the  sea  would  fill 
up  any  deeper  channel  beyond  the  jetties  temporarily  caused  by  the  out- 
flow than  the  depth  in  which  the  jetties  terminated.  The  waves  con- 
stantly transport  the  sands  on  the  bottom  towards  the  shore,  not  from 
it  ;  therefore,  the  jetties  must  extend  out  to  a  depth  where  wave 
action  is  not  felt.  This  depth  depends  on  the  maximum  height  of  the 
waves.  In  the  Gulf,  wave  action  extends  to  about  25  or  30  feet  depth. 
If  the  jetties  do  not  extend  to  this  depth,  shoals  will  inevitably  be 
thrown  up  by  storms  in  front  of  the  jetties. 

Let  us  now  confront  the  statements  of  these  engineers,  made  since 
my  exposure  of  these  several  radical  errors,  with  their  previous  official 
records. 

Width  Between  the  Jetties. 

It  is  so  evident  nov:  that  the  great  width  between  the  jetties  is  a  fatal 
■error   in   their   plan,  that   they  have   squarely  sought  to   escajje  this 
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dilemma  by  declaring  that  the  North  Jetty  was  never  located,  and  that 
the  width  between  them  has  therefore  never  been  determined. 

CoL  Merrill  says  the  statement  '"that  there  is  to  be  two  and  a 
quarter  miles  between  the  jetties  is  positively  denied  by  the  Chief  of 
Engineers  and  by  the  resident  engineer,  both  of  whom  siate  that  the 
North  Jetty  has  not  yet  been  located." 

Major  Howell,  in  1873,  designed  the  plan  which  has  been  in  process 
of  constrnction  at  Galveston.  In  1874,  it  was  submitted  to  an  advisory 
board,  comj^osed  of  General  Newton  (the  present  Chief  of  Engineers)  and 
two  older  officers.  Major  Howell,  in  his  first  report  (Chief  of  Engineers' 
Report  of  1874,  page  732)  says:  "it  is  proposed  to  construct  ^^ara/Ze^ 
Jetties  along  the  lines  marked  C  D  and  E  F  on  the  chart  *  *  * 
they  may  be  called  submerged  Jetties,  since  they  will  not,  excejit  on  a 
small  portion  of  their  lines,  be  built  up  to  the  plane  of  mean  low  tide, 
while  /or  the  f/reater  part  their  tops  will  he  five  or  six  feet  below  that  pilane 
*  *  *  they  are  calculated  to  give  a  depth  on  the  outer  bar  of 
between  eighteen  and  nineteen  feet." 

Herewith  I  submit  the  chart  (Plate  No.  IX)  accompanying  the  report 
of  Major  Mansfield  for  1880,  on  which  is  placed,  over  his  own  signature, 
the  words,  "showing  lines  of  projjosed  jetties."  On  this  chart,  the 
north  line  has  the  word  "gabionade"  on  it,  and  the  letters  D  E  F. 
This  is  the  line  of  the  North  Jetty,  which,  it  is  claimed,  has  never  been 
located.  Major  Howell  refers  to  the  jetties  as  "  parallel  jetties,"  and  by 
applying  the  scale  of  this  chart  it  will  be  found  these  jetty  lines 
are  over  twelve  thousand  feet  (or  2^  miles)  distant  from  each  other.  On 
page  1225  of  this  same  volume,  is  this  statement:  "Captain  Davis' 
reports  showed  that  from  its  commencement,  April  14th,  1877,  to  Jan- 
uary l&t,  1880,  the  Bolivar  Pier  (the  North  Jetty)  had  been  extended  sea- 
ward from  the  beach  10  220  feet."  Nearly  two  miles.  And  on  page  1228 
of  the  same  volume  we  find  the  following:  "On  the  North  Pier  7  000 
linear  feet  (of  gabions)  were  put  down,  apparently  on  the  assumption 
that  the  success  of  the  .'system  had  been  established  at  Fort  Point."  As 
both  of  these  statements  were  signed  by  General  Newton,  in  1880, 
hffore  I  had  exposed  the  inexcusable  blunder  of  placing  the  jetties  2^ 
miles  apart,  it  is  evident  that  his  recent  statement  and  those  of  his  sub- 
ordinate officer  are  inaccurate.  The  North  Jetty  was  not  only  located, 
but  nearly  two  miles  of  it  were  actually  constructed  prior  to  January  1st, 
1880.  At  page  1229,  Appendix  N,  Chief  of  Engineers'  Report  for  1880, 
will  be  found  a  statement,  signed  by  General  Newton,  as  follows:  "From 
the  direction  taken  by  the  cylinder  channel,  it  would  appear  that  the 
direction  of  the  North  Jetty,  for  a  distance  of  tic o  miles  from  the  shore, 
need  not  be  changed."  This  is  the  jetty  we  are  now  told  was  never 
located ! 

An  additional  proof  that  the  jetties  were  both  located,  and  that  they 
were  to  be  two  miles  and  a  quarter  apart,  will  be  found  on  page  1213, 
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Chief  of  Engineers'  Report  for  1880,  where  Mr.  H.  C.  Eipley,  the  civil 
engineer  assisting  Col.  Manstield,  says:  "There  is  maintained  on  the 
bar,  over  the  area  between  the  two  jetties,  a  very  constant  depth  of 
eleven  feet,  with  area  of  discharge  of  140  690  square  feet." 

How  did  Mr.  Ripley  know  that  the  area  of  discharge  between  the 
two  jetties  was  140  690  square  feet,  if  either  jetty  was  not  located  ? 

This  area  of  140  690  square  feet  divided  by  "a very  constant  depth 
of  eleven  feet,"  gives  12  790  feet  as  the  width  between  the  jetties.  Col. 
Mansfield,  on  page  1206  of  this  same  Report,  says  :  "I  invite  attention 
to  the  accompanying  report  of  Assistant  Engineer  H.  C.  Ripley,  to 
whom  I  am  greatly  indebted  for  so  clear  and  comprehensive  an  exposi- 
tion of  uur  ])l((iis  and  oitimatex  for  the  improvement  of  this  harbor." 

In  the  rei^ort  of  General  Newton  (January  17th,  1885)  to  the  River  and 
Harbor  Committee,  he  says:  "It  is  proper,  likewise,  to  say  that  the 
board  (1874)  never  indorsed  the  system  of  parallel  jetties,  12  000  feet 
apart,  devised  by  Major  Howell,  as  competent  to  afford  even  a  draught 
of  18  feet."  This  statement  is  in  conflict  with  the  following  previous 
ones  made  by  this  officer  : 

In  1874  (see  page  1267,  Report  of  1880),  the  board  said:  "  That,  if 
piers  proposed  by  Capt.  Howell  were  constructed,  extending  over  the 
bar,  the  depth  of  water  thereon  would  be  increased  in  an  important  de- 
gree, though  exactly  what  depth  might  be  looked  for  cannot  be  pre- 
dicted." 

On  the  next  page,  this  advisory  board  recites  what  it  said  in  1876, 
when  it  was  again  convened.  It  is  as  follows:  "  That  the  two  jetties  or 
training  walls,  recommended  in  the  report  of  January,  1874,  will,  if  con- 
structed, produce  an  hnporfaid  increase  of  deptli.  over  the  ouier  har^ 

In  1874,  Gen.  Newton  signed  this  statement  also:  "  The  two  piers 
will  therefore  have  the  effect,  in  the  opinion  of  the  board,  not  only  of 
improving  the  outer  bar,  but  also,  incidentally,  the  inner  bar  at  the  en- 
trance to  Galveston  Harbor."  (See  Report  of  Chief  of  Engineers,  page 
737,  1874.)  Here  we  see  that  Gen.  Newton  and  the  board  did  indorse 
"  the  system  of  parallel  jetties,  12  000  feet  apart,  devised  by  Major 
Howell."  They  not  only  indorsed  them,  but  advised  the  building  of 
Major  Howell's  gabions  in  these  words:  "  By  first  constructing  the  inner 
end  of  the  pier  on  the  Fort  Point  side,  and  if  found  to  succeed  there,  the 
jiier  on  the  other  side  be  commenced  at  its  shore  end."  Major  Howell's 
plana  were  then  before  the  board,  and  the  location  of  these  two  piers 
was  indicated  by  the  lines  C  D  and  E  F  on  his  chart.  (See  same  Re- 
port, page  738.) 

From  these  stubborn  facts  it  appears  that  the  location  of  both  jetties 
at  this  distance  from  each  other  was  approved,  and  the  construction  of 
each  iras  antliorized  over  the  signature  of  Gen.  Newton;  and  further- 
more, that  the  location  of  both  was  cerlified  to  at  this  distance  cqxtrt  hy 
Col.  Mansfield,  in  1880,  on  his  chart  (Plate  No.  IX). 
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Should  some  charitable  apologist  say  that  these  gentlemen  only  meant 
that  "  the  North  Jetty  has  not  been  located  "  since  tlia  failure  of  the  first 
attempt  to  build  it,  even  this  poor  excuse  would  be  debarred  by  their 
own  official  testimony.  After  assuring  the  Senate  in  the  spring  of  1884, 
that  this  jetty  had  never  been  located,  the  Chief  of  Engineers  in  his 
Annual  Keport,  1884,  page  216,  says  that,  ''under  the  project  of  1880, 
^980  662.51  was  applied  to  jetty  construction,  viz. :  90  feet  on  the  north 
side  and  22  551  feet  on  the  south  side  of  the  entrance  prolonged  Gulf- 
wards."  He  thus  not  only  contradicts  his  statement  to  the  Senate  in 
the  spring,  but  gives  another  i^roof  that  this  North  Jetty  xivis  located  under 
the  modified  project  of  1880,  and  that  a  part  of  this  gross  sum  was  ex- 
pended on  its  construction.  Under  the  heading  of  "The  Offi.cial  Plan," 
ou  another  page  will  be  found  quotations  from  page  1059,  Chief  of  Engi- 
neers' Report,  1883.  From  them  it  will  be  seen  that  in  June  1880,  Col. 
Mansfield  actually  commenced  the  initial  works  of  the  second  attempt  to 
build  this  jetty,  on  the  line  of  Major  Howell's  gabionade,  and  that  he 
reported  if,  as  late  as  1884,  under  the  head  of  the  "  North  Jeit//,"  to  be 
in  good  condition,  and  located  "  at  the  outer  end  of  the  Bolivar  gabion- 
ade." (See  page  1295,  Rep.  1884.)  On  the  chart  accomjianying  his 
report  (see  Plate  No.  X)  will  be  found  a  dotted  line,  showing  the  original 
location  of  the  North  Jetty,  or  Bolivar  gabionade,  made  by  Major  Howell, 
and  at  the  other  end  of  it,  10  000  feet  from  shore,  a  little  square  figure 
marks  the  spot  where  the  new  method  of  construction  of  this  jetty  was 
commenced  by  Col.  Mansfield  in  June,  1880.  This  chart  is  signed  by 
Col.  Mansfield. 

Six  months  after  this  report  of  1883  was  written,  I  said  in  reply  to 
the  invitation  of  the  people  of  Galveston,  December  6th,  1883:  "  When 
I  visited  the  Maas  in  1874,  I  thought  Mr.  Calland  had  placed  his  jetties 
much  too  wide  apart  (1  000  meters).  I  think  this  was  the  chief  cause  of 
his  failure.  This  mistake  (as  I  think  it  was)  has  been  made  at  Galves- 
ton and  to  a  much  greater  extent  "  (about  3  700  meters).  When  the  re- 
ports of  Gen.  Newton  and  Col.  Mansfield  were  made  to  the  Senate, 
three  months  after  I  wrote  this.  Congress  was  then  assured,  for  the  first 
time  in  ten  years,  that  "  the  North  Jetty  had  not  yet  been  located!  " 
Comment  is  unnecessary. 

Outlets  Thkough  the  Jetties. 

As  the  reader  may  not  at  once  perceive  the  mistake  of  leaving  these 
openings  to  facilitate  the  flow  into  the  bay,  I  will  explain  that,  in  a  state 
of  nature,  the  immense  frictional  surface  over  which  the  flood  water  has 
to  pass  in  filling  the  bay  retards  it  so  much,  that  the  tidal  rise  in  the  Bay 
at  Galveston  is  probably  10  per  cent,  less  than  it  is  outside  of  the  bar. 
On  the  other  hand,  the  discharge  of  the  ebb  is  retarded  by  the  same 
■cause,  making  the  total  rise  and  fall  just  inside  of  the  harbor  probably 
20  per  cent,  less  than  it  is  at  the  same  depth  outside  of  the  bar. 
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The  bottom  of  the  channel  is  composed  of  separate  grains  of  sand, 
without  the  slightest  cohesion  or  bond.     They  were  brought  here  by 
currents  and  left,  because  those  currents,  from  some  cause  or  other,  be- 
came   too    feeble    to    carry    them     further.      Now,    the   reader   must 
remember,    first,    that    a    current    depends    upon    the    slope    of    sur- 
face   of     the    water*    (not    upon    the    slope     of   the    bottom),     and 
second,     that    the    excavating    or    transporting   power    of    the    water 
depends    ujion   the    velocity   of   the  current.      This    excavating   power 
or  velocity  of  the  current  must  be  made  greater  than  it  now  is  over  the  bar, 
or  the  channel  cannot  be  permanently  dee^jened  by  any  artificial  struc- 
tures known  to  the  science  of  engineering.     And  yet  no  engineer  can 
increase  this  velocity  permanently,  as  will  soon  appear.     But  the  veloc- 
ity must  nevertheless  be  increased,  or  these  masses  of  sand  composing 
the  bar  cannot  be  permanently  removed.     How  can   the  velocity  of  a 
current  be  increased?     In  three  ways.     First,  by  increasing  the  slope  of 
surface,  which  is  the  cause  (or  rather  the  exemplar  of  the  cause)  of  the 
current.     Second,    by  lessening  the   frictional  resistance  of   the  bed. 
Third,  by  increasing  the  volume  or  mass  of  the  water.     We  cannot  avail 
of  these  last  two  methods  at  first,  but  after  we  shall  have  once  increased 
the  velocity  by  permanent  works,  these  two  last  means  will  then  ulti- 
mately come  to   our  aid.      At  first  we   have  absolutely  no   power  to 
increase  the  velocity  of  current  but  by  increasing   the  slop>e   of  surface. 
These  slojaes  are  alternately  towards  the  sea  and  from  the  sea,  accord- 
ingly as  the  tide  fills  and  emiDties  the  bay.    They  are  by  no  means  steep, 
as  the  average  maximum  tides  are  but  a  little  over  a  foot  high.     The 
force  of  the  present  currents  resulting  from  these  low  slopes  cannot 
overcome  the  force  of  gravity  in  the  grains  of  sand  composing  the  bed 
of  the  channel.     With  the  present  slopes,  volume  and  frictional  resist- 
ance, the  equilibrium  between  the  reloci/y  or  transporting  force  of  the 
current  and  the  force  of  gravity  in  the  sand  is  reached  when  the  depth 
of  13  feet  occurs  on  the  bar.    If  we  should  suddenly  deepen  the  channel 
by  dredging,  it  would  be  larger  than  nature  demands  under  the  present 
conditions.     The  bay  would  then  fill  more  easily,  the  slopes  would  be 
lower,  the  velocity  less,  and  soon  after  the  dredging  ceased,  the  enfeebled 
current  would  drop  its  burden  of  sand  in  the  enlargement,  and  restore 
the  present  depth.     On  the  other  hand,  if  we  could  suddenly  drop  a 
million  tons  of  sand  in  the  channel,  and  reduce  the  depth  a  few  feet, 
what  would  occur?    The  bay  would  not  fill  so  rapidly,  and  steeiJer  slopes 
would  occur  in  consequence.     These  would  create  greater  current  veloc- 
ities, and  the  removal  of  the  obstruction  would  be  effected  in  a  little 
while;  and,  with  the  recovery  of  the  13  feet,  the  bay  would  fill  more 

*  At  New  Orleans  the  surface,  in  flood,  is  14  feet  higher  than  it  is  at  the  head  of  the  passes 
(97  miles  below).  At  the  former  place  It  is  150  feet  deep;  at  the  latter  it  is  only  30  feet. 
Therefore  the  bottom  of  the  river  slopes  upward  to  the  sea  in  this  distance.  If  the  river  bot- 
tom at  New  Orleans  were  raised  so  as  to  give  it  the  same  regular  downward  slope  to  the  sea 
which  the  surface  of  the  river  has,  the  current  would  be  much  slower.  The  river  would  have 
thit  much  less  volume  (or  mass),  and  volume  is  one  of  the  elements  producing  the  current. 
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easily,  the  slopes  would  diminish,  and  the  former  velocities  of  current 
would  be  restored.  The  slope  results  from  the  difference  of  level 
between  the  surfaces  of  the  Gulf  and  the  Bay.  Any  one  can  see  that  the 
more  freely  the  water  can  How  from  one  to  the  other,  the  less  difference 
will  there  be  between  the  heights  of  their  respective  surfaces;  and,  con- 
sequently, the  less  will  be  the  slope  of  surface  through  the  channel 
between  them,  and  the  less  will  be  the  current  velocity.  This  is  cer- 
tainly the  very  opposite  of  what  we  must  have  to  produce  deepening. 
We  must  have  more  rapid  currents,  and  nothing  but  steeper  slopes  will 
produce  tbem.  Hence  it  is  evident  that  lar^ic  opei/ii/r/s,  and  a  freer  com- 
munication with  the  bay  through  them,  and  over  low,  submerged  jetties, 
are  precisely  what  we  do  not  want. 

Let  us  suppose  that  jetties  were,  at  mean  tide,  suddenly  placed  across 
the  bar,  3  000  feet  apart,  and  extended  from  30  feet  depth  inside  to  30 
feet  depth  outside,  and  were  so  high  and  tight  that  all  the  water  which 
passes  in  or  out  of  the  bay  is  compelled  to  pass  through  them.  When 
the  tide  rises  it  will  be  impossible  for  the  bay  to  fill  as  fast  as  before. 
The  tide  outside  rising  only  to  its  normal  height  will  produce  a  steeper 
slope  through  the  jetty  channel  than  existed  in  that  locality  before, 
because  the  surface  of  the  bay  must  be  lower,  as  it  will  have  been 
deprived  of  a  large  part  of  its  normal  volume  of  the  ilood.  This  steeper 
slope  will  produce  a  more  rapid  current  into  the  bay,  over  sands 
which  are  only  quiescent  under  the  present  velocity.  If  this  slope 
increases  that  velocity  from  3  to  4  miles  per  hour,  which  is  not  an 
unreasonable  supposition,  the  transporting  power  of  the  water  will  be 
increased  from  9  units  to  16  imits.  Wherever  through  this  jetty  chan- 
nel the  depth  is  least,  there  will  the  current  be  most  rapid.  Hence  the 
inflow  through  it  will  have  the  effect  of  ctitting  down  the  high  parts  of 
the  bottom  first,  and  transporting  these  sands  into  the  deeper  places. 
In  a  few  hours  this  whole  process  is  reversed,  and  a  steeper  slope  than 
before  will  exist  in  the  opposite  direction,  and  the  sands  of  this  con- 
tracted channel  will  be  swept  out  to  the  sea,  and  will  there  be  distributed 
by  littoral  currents,  or  sea  waves,  out  of  the  way  of  the  outflow  from 
the  jetties.  Of  course,  the  greatest  increase  of  slope  will  only  occur  at 
first,  and  at  the  highest  and  lowest  periods  of  the  tide;  but  as  tlie  chan- 
nel deepens  the  volume  increases,  and  the  ratio  of  friction  to  volume 
decreases,  hence  lower  slopes  will  then  produce  equally  rapid  currents. 
Therefore  the  bay  will  ultimately  fill  more  and  more  quickly,  and  these 
abnormal  currents  will  be  thus  toned  down  until  the  deepening  ceases 
and  a  new  condition  of  stable  equilibrium,  or  what  engineers  call 
"a  new  regimen,"  is  established  between  the  maximum  velocity  of  the 
current  and  the  force  of  gravity  in  the  sand.  When  this  is  reached 
it  will  be  found  that  the  tidal  movement  in  the  harbor  conforms 
more  nearly  to  the  rise  and  fall  in  the  Gulf,  both  in  height  and  time, 
and  that  the  slopes  are  lower  than  at  present.     Because  the  deepening  of 
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the  channel  Avill  continue  until  the  bay  will  again  receive  all  of  the  water 
due  to  the  difference  in  the  tidal  movement,  and  to  the  normal  slopes 
of  surface  occurring  between  the  alternating  levels  of  bay  and  sea 
through  this  deep  channel,  and  as  the  friction  which  now  retards  the 
entry  and  exit  of  the  water  will  be  greatly  reduced  through  it,  a  corre- 
spondingly increased  quantity  of  water  will  enter  the  bay. 

Any  excessive  increase  of  tide  caused  by  winds  will  have  the  effect  of 
permanently  increasing  the  depth  of  this  jetty  channel,  and  of  making 
it  more  capable  of  discharging  such  excessive  quantities  of  water  again. 
By  such  abnormal  causes  the  channel  will  be  so  deepened  that  the 
currents  from  ordinary  tides  will  not  be  sufficient  to  disturb  its  bottom. 
The  greatest  work  of  excavation  is  done  when  the  velocities  are  greatest. 
The  channel  with  high  jetties  extending  out  to  deep  water  would  get  no 
accessions  of  sand,  and  the  dejjth  would  be  permanent.  It  must  be 
apparent,  from  this  explanation,  that  the  object  sought  by  these  officers, 
namely,  facUitallng  the  injioir  of  the  tide  into  the  Bays  at  Galveston, 
•Charleston,  Sabine  Pass,  etc.,  by  leaving  openings  through  the  jetties 
near  the  shore,  is  precisely  the  way  )iot'  to  do  what  they  want  to  accom- 
plish. Besides  losing  through  them  the  most  important  agent  for  deep- 
ening the  channel—the  ebb  tide — they  will  admit  into  the  channel  all  of 
the  sand  which  the  sea  waves  can  bring.  Suhvierged  jetties  simply 
aggravate  the  evils  caused  by  these  openings.  They  really  extend  the 
openings  over  the  entire  length  of  the  jetty.  They  prevent,  by  increased 
friction,  the  rapid  inflow  to  fill  the  bay  ;  they  permit  the  loss  of  the  ebb 
tide,  and  thus  lessen  the  force  that  should  be  applied  to  deepen  the 
channel;  and  they  allow  the  waves  to  transport  sand  over  them  into  the 
■channel.  Openings  and  siibmerged  jetties  are  therefore  an  inexcusable 
violation  of  the  very  essence  of  the  jetty  system. 

Of  course,  the  width  between  the  jetties  must  be  determined  by  the 
length  of  the  channel  and  the  slope  of  surface  which  can  be  had  through 
it.  The  ratio  of  friction  to  vohime  increases  as  the  volume  decreases  ; 
hence  by  making  the  jetties  too  narrow,  we  may  so  decrease  the  volume 
flowing  between  them  as  to  neutralize  the  benefit  we  would  otherwise 
gain  by  the  temporary  increase  of  slope,  which  is  at  first  absolutely 
necessary  to  induce  the  deepening.  To  place  them  too  close  together 
would  be  as  fatal  as  to  place  them  too  wide  apart ;  or,  as  to  leave  the 
proposed  openings  through  them.  Within  certain  widths  the  resulting 
channel  will  be  deeper  in  proportion  as  the  jetties  are  nearer  together, 
and  here  again  comes  into  the  problem  another  important  matter — 
that  of  maintaining  the  works— for  if  the  channel  be  too  deep,  the 
jetties  may  cave  in  or  settle.  Their  direction  must  be  determined  with 
due  regard  to  the  prevailing  winds  and  sea  currents,  as  well  as  to  the 
depths  in  which  they  must  be  built.  For  these  reasons  the  location  of 
the  South  Jetty  is  an  exceedingly  injudicious  one. 

After  I  had  shown  the  fatal  mistake  of  leaving  the  enormous  outlets 
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between  the  jetties  and  the  shore,  these  gentlemen  positively  denied  that 
such  gaps  ever  existed  in  the  plan.  Col.  Merrill  says:  "lean  find 
"no  authority  for  the  existence  of  these  outlets  ;  nothing  of  the  kind 
"  appears  in  the  last  official  map  of  Galveston  Harbor." 

The  first  proof  on  this  question  will  be  found  in  the  Report  of  Chief 
of  Engineers,  1874,  where,  on  page  733,  we  are  told  that  the  jetties  "will 
not,  except  on  a  short  portion  of  their  lines,  be  built  up  to  the  plane  of 
mean  low  tide,  while,  for  the  greater  part,  tlieir  tops  will  he  five  or  six- 
feet  helow  tliat plane." 

We  also  find  on  page  1212,  Report  of  1880,  this  statement : 

"About  2  000  feet  from  its  inner  end  the  first  concentration  of  cur- 
rent against  the  jetty  occurs  ;  it  would  seem  appropriate  to  raise  the 
jetty  to  its  full  height,  but,  inasmuch  as  a  larger  open  i raj  must  be  left 
for  the  admission  of  flood  water  into  the  bay,  and  the  inner  end  seems 
to  be  the  only  available  i^lace  for  an  opening,  aside  from  the  opening 
between  the  jetties,  this  portion  of  the  jetty  is  raised  only  sufficiently  to 
destroy  the  scouring  force  of  the  current.  *  *  *  In  the  case  of 
the  North  Jetty,  it  will  be  seen  that  tlie  opening  between  its  inner  end 
and  the  shore  is  covered  by  a  shoal  extending  from  Bolivar  Point." 

Again,  on  Col.  Mansfield's  second  chart  (Plate  No.  XI,  herewith  submit- 
ted) accompanying  his  Report  for  1880,  a  vertical  longitudinal  section  of 
each  jetty  is  shown.  It  will  be  seen  that  the  inshore  end  of  the  North  Jetty 
begins  at  letter  E,  and  rises  through  2  000  feet  to  the  level  of  low  tide, 
leaving  a  gsqy  ^  000  feet  long  over  the  bottom  between  the  shore  end  of 
it  and  the  beach.  On  page  1213,  Mr.  Rii)]ey  estimates  the  "area  of  dis- 
charge opening  nt  inner  end  of  Norf]/  Jelti/  at  55  370  square  feet."  This 
ought  to  be  a  big  enough  gap  to  have  attracted  the  attention  of  any  one 
industriously  hunting  for  it.  No  estimate  of  the  cost  of  closing  this 
8  000  feet  gap  is  to  be  found  in  any  of  the  reports. 

The  gap  in  the  South  Jetty  is  shown  on  the  chart  (Plate  No.  XI)  to  be 
more  than  a  mile  long;  and  from  this  gaj)  seaward,  for  a  distance  of  about 
10  000  feet  from  the  shore,  the  jetty  rises  only  to  five  feet  below  the 
level  of  mean  low  tide,  thus  making  the  entire  gai)  between  this  jetty 
and  the  shore  about  10  000  feet  long,  and  5  or  6  feet  deep  at  low  tide. 

Again,  on  page  1212  (Report  of  1880)  will  be  found  the  following  : 

"  In  the  adoption  of  the  form  of  profiles  for  the  jetties  we  have  been 
guided  by  the  principle  that,  while  the  ebb  current  should  be  confined 
to  a  single  channel  across  the  bar,  as  little  obstruction  as  possible 
should  be  placed  to  the  admission  of  water  into  the  bay  during  flood 
tide.  *  *  *  Hence  the  inner  ends  of  the  jetties  commence  some 
distance  from  the  slioref 

On  page  1414  of  the  Report  of  1882,  is  a  statement,  over  General 
Newtoii's  signature,  as  follows:  "It  seems  probable  that  they  (the  jet- 
ties) must  be  connected  with  the  shore."  Why  should  they  be  connected 
with  it,  if  it  had  not  been  lirojiosed  to  leave  these  gaps  between  them 
and  the  shore? 

These  proofs  could  be  largely  increased  by  further  quotations  from 
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the  Keports,  bat  enough  have  been  given,  I  think,  to  cause  the  reader  to 
peruse  with  astonishment  the  following  extract  from  General  Newton's 
Eeport  to  the  River  and  Harbor  Committee  (January  17th,  1885) : 

"I  do  not  perceive  the  relevancy  of  Mr.  Eads'  remarks  concerning 
leaving  outlets,  which  really  have  no  relation  to  what  has  been  done  or 
what  is  intended  to  be  done  here.  He  has,  probably,  seen  a  progress 
sketch  of  the  South  Jetty  at  Galveston  up  to  the  date  of  June  30th,  1882, 
or  some  unfinished  plan  not  authorized  for  construction,  and  has  been 
swift  to  conclude  and  to  i^ublish  to  the  world  that  outlets  were  to  be  left 
in  the  jetties  near  the  shore." 

After  I  demonstrated  the  fact  to  the  two  committees  that  these  open- 
ings are  in  direct  violation  of  the  principles  upon  which  the  jetty 
system  is  based,  we  find  the  highest  officer  in  the  Engineer  Corps  of  the 
Army  "swift  to  conclude  and  to  publish  to  the  world,"  in  the  face  of 
these  statements,  this  positive  denial  that  he  and  his  brother  officers 
ever  countenanced  such  a  ridiculous  and  preposterous  proposition  as 
that  outlets  were  to  be  left  in  the  jetties  at  Galveston,  while  for  eight 
years  after  these  works  were  begun  in  1874,  low  jetties  with  shore  ojyen- 
inffs  were  approved  by  them  at  several  other  harbors.  On  page  559, 
Chief  of  Engineers'  Report,  1878,  in  discussing  the  plan  of  the  jetties 
at  Charleston,  S.  C. ,  we  learn  that  the  conditions  which  have  been  kept 
in  view  in  preparing  the  design  have  been: 

^^  First. — Tlieii  should  not  impede  the  flow  to  such  a  degree  as  to 
prevent  the  tidal  hasia  heiiu/  filled,  as  now,  at  evert/  influx  of  the  tidal 
wave.  To  this  end,  the  inner  half  of  each  jetty,  more  especially  its  cen- 
tral portion,  located  in  deep  water  across  the  thread  of  the  current,  is 
kept  several  feet  below  the  water."  Just  above  this  we  read:  "  The 
inner  portions,  crossing  the  beach  and  main  channels  respectively, 
might,  perhaps,  be  kept  loiu  puough  to  allow  the  smaller  classes  of  vessels 
to  pass  over  them." 

On  page  572  of  this  Report  it  will  be  seen  that  General  Newton  was  a 
member  of  the  advisory  board  that  reported  favorably  upon  these 
jetties. 

The  opening  through  the  South  Jetty  at  Galveston  was  found  (as 
should  have  been  expected)  to  admit  large  quantities  of  sand,  which  con- 
stituted what  these  engineers  call  the  inner  bar.  This  opening  embraced 
what  was  known  as  the  "swash  channel."  The  City  of  Galveston 
partially  closed  this  with  a  pile  dike,  extending  from  the  shore  about 
one  mile  out,  by  which  means  the  depth  on  the  inner  bar  was  largely 
increased.  The  South  Jetty  is  an  extension  of  this  city  dike.  It  was 
to  prevent  injury  to  the  inner  bar  that  the  opening  designed  to  be  left 
in  this  South  Jetty  in  1880  was  closed  in  1883.  The  advisory  board  was 
only  then,  after  eight  years  of  study  and  observation,  beginning  to  see 
the  folly  of  leaving  ojienings  "to  facilitate  the  inflow  of  the  tide." 
They  admitted  large  quantities  of  sand.  Hence  we  find  the  advisory 
board,  in  1882,  saying:  "It  seems  probable  that  the  jetties  must  be 
connected  with  the  shore."     Another  evidence  that  they  began  about 
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this  time  to  get  a  little  of  what  General  Newton  (in  liis  Report  to  the 
Senate  on  my  proposition)  calls  "a  much  needed  light"  on  the  jetty 
system,  is  to  be  found  over  his  signature  on  page  1439,  Chief  Engineer's 
Report,  1882,  in  relation  to  the  Jetties  at  Sabine  Pass.     It  is  as  follows : 

"It  is  an  objection  to  thei^e  orjertiitf/s,  as  well  as  to  /he  submerged 
jetties,  that  they  will  permit  material  to  be  brought  into  the  pass." 

The  Official  Plan  and  Estimate. 

The  following  extracts  from  the  Reports  of  these  officers  to  the  Two 
Committees  in  1884-85,  assure  Congress  that  with  S750  000  and  two  years' 
time  "  the  official  plan  "  can  be  completed,  and  what  I  proposed  can  be 
obtained  with  one-tenth  of  my  offer.  To  know  how  near  the  truth  is 
approximated  in  this  assurance,  it  is  necessary  to  know:  First,  v/hdit  is 
the  official  plan-;  secoml,  what  is  the  estiDiate  of  its  cost  ;  and  third,  if 
completed,  will  it  produce  the  depth  I  proposed. 

In  his  report  to  the  Senate,  March,  1884,  Colonel  Mansfield  says: 

"  The  South  Jetty  has  been  completed  for  the  sum  already  appropri- 
ated; the  plant  is  now  on  hand,  and  we  have  the  experience  that  will 
certainly  enable  us  to  complete  the  No7-th  Jetti/  within  the  estimate,  and 
still  leave  a  innrgin  for  dredijing,  to  facilitate  the  scour,  if  it  should  be 
found  necessary  or  desirable  to  hasten  it;  and  not  over  two  seasons  will 
be  required  for  the  expenditure  of  this  money  ($750  000),  and  it  is 
reasonable  to  expect  by  that  time  will  be  solved  the  vexed  (luestion  of 
deep  water  on  Galveston  Bar. 

"Under  the  present  system  of  work,  tidopted  at  the  close  of  the  year 
1880,  the  estimates  for  the  entii'e  completion  of  the  two  jetties  for  con- 
fining the  outflow  of  Galveston  Bay,  looking  to  obtaining  lb  feet  of  water, 
were:  for  the  South  Jettv,  $1  080  448;  for  the  North  Jetty,  $658  525  ; 
for  plant,  $40  000;  contingencies,  $i6  480."    (See  A,  Plate  XIII.) 

Gen.  Newton,  in  his  report  to  the  Senate  on  my  proposal,  says 
(March  27th,  1884) : 

"  The  North  and  South  Jetties,  placed  according  to  the  (jfficial  plan, 
can  by  further  extension  into  deep  water,  and  by  the  construction  of 
auxiliary  works  if  needed,  be  made  to  develop  all  the  depth  of  channel 
which  the  nature  of  the  locality  will  admit." 

As  the  last  meeting  of  the  advisory  board  occurred  in  1882,  it  is  evi- 
dent that  "the  present  system"  referred  to  above  by  Col.  Mansfield  is 
"  the  official  plan."  Now,  turning  to  his  Report,  page  1059,  for  1883,  we 
find  the  following: 

"  On  30th  June,  1882,  the  work  for  the  imi)rovement  of  this  entrance 
under  the  approved  project  of  1880  was  in  good  condition.  It  consisted 
of 

"  First. — North  Jetty:  A  '  trial  section  '  of  mattress  work  with  con- 
crete ballast,  90  feet  long,  60  feet  wide,  and  2^  feet  high  above  the  sand 
bottom,  placed  in  June,  1880,  at  the  outer  end  of  the  Bolivar  gahionadey 

"  Second. — South  Jetty:  Mattress  work  with  stone  ballast,  placed  in 
1880-82,  extending  from  pile  breakwater,  etc.     *     *     *     ." 

This  statement,  though  somewhat  grandiloquent  when  the  magnitude 
of  the  North  Jetty  works  are  considered,  is  important  as  proving — 1st. 
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That  these  ai-e  the  identical  works  contemplated  by  "the  approved  project 
of  1880."  2d.  That  the  North  Jetty  was  then  located,  notwithstanding 
Gen.  Newton  and  two  colonels  of  the  Engineer  Corps  had  assured  Con- 
gress that  it  never  had  been.  3d.  That  its  location  was  fixed  at  the 
outer  end  of  the  buried  remains  of  the  old  gaT)ionade.  Therefore,  this 
North  Jetty  of  "///'/  (iffirial  pJ<ii>'''  of  Gen.  Newton,  was  actually  upon 
the  same  line  upon  which  Major  Howell,  in  1873,  located  his  gabionade  lim 
and  It  (ji(it)-ti'r  vii/es  ilisfimt  f)-(>m  the  snails  am',  and  which  was,  as  I  have 
shown  on  page  295,  approved  in  1874  by  Gen.  Newton;  and  4th.  This 
quotation  shows  that  the  "  official  plan  "  or  "  approved  project  of  1880,'' 
was  in  full  force  up  to  July,  1883.  The  r>»/AVs  through  the  jetties;  the 
rireiit  iridfh  helireett  them;  the  shallow  depths  of  12  and  13^  feet  respect- 
ively at  which  their  sea  ends  terminated ;  and  the  grand  escapement  of 
the  ebb  tide  over  the  whole  lengths  of  the  jetties,  had  up  to  that  time 
given  these  gentlemen  no  anxiety  whatever.  Nine  months  later,  after  I 
had  iDointed  out  these  four  fatal  defects,  either  one  of  which  is  sufficient 
to  prevent  absolutely  the  securing  of  even  18  feet  of  depth,  they  fully 
recognized  them,  and  forthwith  fiatly  deny  the  outlets  and  the  ex- 
cessive width;  extend  their  unlocated  North  Jetty  out  to  deep  water,  and 
assure  Congress  that  their  plan  contemplates  raising  the  works  above 
high  water  also.  This  is,  of  course,  all  very  eomi)limeutary  to  me,  but 
it  is  as  inexciisably  deceptive  to  Congress  and  the  public. 
Col.  Mansfield  says: 

"  The  project  contemplates  the  raising  of  this  work  to  a  greater 
height  if  necessary  and  the  construction  of  a  jetty  on  the  north  side,  thr 
position  of  ifhivlt  h  yet  to  l>e  determined." 

This  statement,  read  to  the  House  last  January,  is  squarely  contra- 
dicted by  his  own  Report  of  1883,  which  shows  that  the  position  of  the 
North  Jetty  had  been  determined  in  1880,  and  that  the  second  attempt 
to  construct  it  had  been  commenced  by  this  very  officer  in  that  year,  on 
the  identical  line  which  Major  Howell  selected  iu  1873.  Furthermore  (see 
page  294),  the  advisory  board  that  approved  this  location  in  1874,  said  in 
1880  that  the  direction  of  the  North  Jetty  "  need  not  be  changed."  Nor 
did  the  project  contemplate  raising  the  works  to  a  greater  height  than 
low  tide,  nor  even  to  that  height,  but  only  to  an  average  of  5  feet 
above  sand  bottom.  The  Advisory  Report  of  1880  (page  1267)  expressly 
says  that  the  jetties  are  to  be  "submerged,"  and  that  they  are  "to  be 
extended  to  such  distances  as  would,  by  contracting  the  waterway,  deepen 
the  Gulf  Bar  to  a  possible  draught  of  18  feet. 

Cost  of  the  North  Jetty.* 
Having  clearly  identified  "the  approved  project  of  1880,"  and  the 

*  After  a  careful  perusal  of  the  three  following  paragraphs,  the  reader  should  examine 
Plate  No  XIII,  on  which  the  vertical  section  of  the  North  Jetty,  according  to  the  "  approved 
project,"  will  be  found,  marked  A,  and  the  location  and  length  of  it  at  B,  extending  from 
E  to  F.    These  are  copied  fiom  the  chart    accompanying  Col.  Manfield's  rei^ort  of  1880,  in 
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estimate  of  its  cost,  we  are  prepared  to  analyze  the  methods  used  to 
convince  Congress  that  "  about  all  that  I  proposed"  can  be  done  for 
S750  000.  The  quotations  I  have  made  from  Col.  Mansfield's  Eeport 
under  the  previous  heading,  contain  an  unequivocal  assurance  in 
March,  1884,  that  the  plan  he  was  then  executing  was  adopted  in 
1880.  That  the  South  Jetty  ii-as  then  comphtnl  for  the  estimate,  and 
that  "  we  have  the  experience  that  will  certainly  enable  us  to  complete 
the  North  Jetty  within  the  estimate,"  and  still  leave  a  margin  for  dredg- 
ing. And  finally,  that  the  estimate  for  this  North  Jetty  is  only  .$658  525. 
In  this  Keport  this  jetty  is  described  as  being  14  340  feet  long,  and  ter- 
minating in  20  feet  depth.  These  are  all  positive  assurances  made  in 
1884;  but  at  page  1212  of  the  Report  of  1880,  the  North  Jetty  is  stated 
to  be  o)ili/  8  090  fi^H  loufi,  and  on  page  1217,  where  the  estimate  of  its 
cost  is  given  at  $658  525,  its  length  is  again  stated  at  8  090  feet.  And  in- 
stead of  its  extending  out  to  20-feet  water,  we  find  on  page  1212  that  it  is 
to  stop  at  12  feet.  Consequently  Col.  Mansfield  has  added  6  250  feet  to 
the  length  of  this  jetty,  all  of  which  is  to  be  built  in  deeper  water  than 
the  portion  which  was  estimated  to  cost  only  ^658  525,  and  he  has  done 
this,  not  only  wiUioiit  the  lead  intimation  that  this  mile  and  a  quarter  is 
not  covered  by  the  estimate  of  1880,  but  with  the  i^ositive  assurance  that 
it  can  be  completed  within  that  estimate,  "  and  still  leave  a  margin  for 
dredging. "  On  page  1212  of  the  Report  of  1880,  we  are  further  told  that 
the  inner  end  of  this  jetty  commences  "near  the  outer  end  of  the  Bolivar 
gabionade."  This  gabionade,  or  North  Jetty,  was  built  out  10  220  feet 
from  the  shore  (see  page  1225,  Eeport  of  1880),  but  at  that  time  it  had 
been  engulfed  in  the  sands.  Consequently  Col.  Mansfield  and  Gen.  New- 
ton must  have  known  that  a  huge  gap  between  the  shore  and  the 
inner  end  of  their  proposed  North  Jetty  existed  in  the  plan  of  1880, 
the  closure  of  which  was  not  then  contemplated.  The  Charts  of  the 
Report  of  1880  show  this  gap  to  be  8  000  feet  long,  and  on  page  1213  of 
that  Report,  the  computed  area  of  this  opening  is  stated  to  be  55  370 
square  feet,  or  about  twice  the  size  of  the  South  Pass. 

At  this  late  date  every  one  at  all  familiar  with  the  jetty  system  knows 
that  a  jetty  terminating  in  12  feet  of  water  cannot  maintain  25  feet  depth. 
Hence  it  was  necessary  to  carry  it  out  a  mile  and  a  quarter  further  to  20 
feet  water,  or  abandon  the  hope  of  convincing  Congress  that  such  a  jetty 
would  give  the  depth  of  25  feet.  Again,  it  was  made  perfectly  clear  to 
these  committees  by  me,  that  the  outlets  proposed  would  be  absolutely 
fatal  to  their  success,  hence  it  was  necessary  to  deny  that  any  were  in- 
tended in  "  the  oificial  plan." 

which  the  length  of  this  jetty  is  stated  to  be  8  090  feet,  and  its  cost  $658  525  (see  Plates  IX 
and  XI).  The  jetty  described  in  March,  1884,  by  Col.  Mansfield  in  his  report  to  the  Senate 
Committee,  and  submitted  ^vitk  this  eslimate,  is  shown  at  C,  and  is  14  340  feet  long.  It  will  be 
seen  that  its  location  is  in  much  deeper  water,  being  much  nearer  to  the  Bolivar  Channel. 
It  is  copied  from  his  chart  (Plate  No.  XII)  in  his  report  of  July,  1884.  The  gap  or  outlet 
between  the  North  Jetty  and  the  shore  is  shown  between  D  and  E  on  the  sectional  elevation 
A,  and  is  8  ODD  feet  long. 
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The  annals  of  engineering  may,  I  tliink,  be  challenged  in  vain  to  find 
so  grave  and  stupendous  a  misconception  as  that  -which  was  caused  in 
the  United  States  Congress  by  the  statements  of  these  officers.  It  was 
assured  that  the  South  Jetty  was  completed  for  its  estimate  when  it  was 
not  completed,  and  that  $750  000  was  ample  to  complete  the  north  one» 
That  the  estimate  of  the  cost  of  this  one  was  only  $658  525,  and  it  was 
described  by  the  officer  who  made  this  statement,  and  almost  in  the  same 
breath,  as  a  jetty  starting  from  a  point  8  000  feet  from  shore,  and  extend- 
ing thence  14  340  feet  seaward,  and  terminating  in  20  feet  of  water,  while 
he  knew  that  the  estimate  submitted  with  it  Avas  made  under  his  own 
supervision  in  1880,  for  a  jetty  only  8  090  feet  long,  no  part  of  Avhich  was 
to  be  in  water  over  12  feet  deep,  and  that  it  was  made  before  the  one 
described  by  him  to  the  Senate  in  1884  was  ever  thought  of  !  This  re- 
port, containing  this  old  estimate  with  this  newly-designed  jetty,  was 
sent  by  Col. Mansfield  to  his  superior,  General  Newton, who,  as  an  advis- 
ory member  of  the  Galveston  Board,  had  examined  the  same  estimate 
in  1880,  with  the  plan  of  the  jetty  then  contemplated  liefore  him,  and  had 
referred  to  its  probable  cost  of  $40  per  linear  foot  in  that  board's  report, 
and  whose  duty  as  an  advisory  engineer  of  the  Avork  necessarily  made 
him  familiar  Avith  the  plans  and  estimates  of  it;  and  he  not  only  indorsed 
this  misleading  report  by  sending  it  with  a  concurrent  one  of  his  own 
to  the  Senate,  but  positively  declared  that  the  8  000  feet  gaj)  or  opening 
betAveen  the  end  of  the  jetty  and  the  shore,  Avhieh  I  had  called  attention 
to,  did  not  exist  in  the  plan.  It  was  bad  enoiigh  to  assure  Congress  that 
the  North  Jetty  was  never  located,  when  his  oA\n  reports  declared  that 
nearly  two  miles  of  it  had  been  built  before  1880,  and  that  its  construc- 
tion had  been  recommended  by  him  on  a  neAv  plan  in  that  year,  after 
that  Avork  Avas  destroyed,  on  the  same  identical  location  approA'ed  by 
him  in  1874.  It  Avas  bad  enough  to  deny  the  fatal  defects  of  the  plan  in 
the  face  of  the  official  proof  of  their  existence,  but  to  lead  Congress  to 
belieAe  that  $658  525  Avas  the  estimate  for  a  jetty  from  the  shore  out  to 
20  feet  water,  4^  miles  long,  when  these  officers  must  have  known  that 
it  was  made  for  one  only  about  a  mile  and  a  half  long.  Avill,  I  think,  sur- 
pass anything  of  the  kind  hitherto  recorded  in  engineering.* 

The  profession  of  an  engineer  is  founded  upon  the  grandest  system 
of  laws  which  the  human  mind  is  capable  of  conceiving — a  system 
which  is  the  very  embodiment  of  truth  and  accuracy,  and  "  which  moves 
to  righteousness." 

"  Unseen,  it  helpeth  him  with  faithful  hands. 
Unheard,  it  speaketh  stronger  than  the  storm." 

These  laws  not  only  control  the  majestic  march,  and  map  out  the 
course  of  every  orb  in  the  limitless  regions  of  space,  but  Avith  equal,  and 
as  inexorable  precision,  align  the  devious  and  unseen  pathway  of  the 
tiniest  grain  of  sand  that  is  swept  from  the  mountain  to  the  sea.  No 
atom  is  too  small  to  escape  their  care,  and  no  aggregation  of  matter  is 

See  Appendix,  page  315. 
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too  vast  to  resist  their  sway.  They  are  as  changless  and  eternal  as  their 
Creator.  Applied,  with  judgment  and  experience,  they  enable  the  engi- 
neer to  control  the  elements  and  the  great  forces  of  nature  for  the  bene- 
fit of  his  fellow  men,  now  and  hereafter;  therefore  his  profession  is  one 
of  the  most  elevating  and  praiseAvorthy  avocations  in  which  the  hurnan 
faculties  can  be  employed.  The  daily  use  of  laws  which  never  deceive, 
which  weigh  with  faultless  balance  each  mass  and  strain  and  force  with 
Avhich  he  deals,  naturally  inculcates  a  love  of  truth  and  fair  dealing. 
The  military  art  justifies  and  often  necessitates  deceptive  methods,  feints, 
false  lights,  dummy  artillery,  and  the  like;  but  the  civil  engineer  deals 
with  facts  alone,  and  relies  for  success  upon  the  ordinances  of  God  him- 
self. Therefore,  misrepresentation  and  deceptive  practices  are  abso- 
lutely without  resting  place  or  apology  in  his  calling.  The  moment  he 
descends  to  use  them  he  puts  himself  beyond  the  pale  of  his  profession, 
and  forfeits  the  sympathy  of  his  associates.  He  can  only  use  such 
methods  for  selfish  ends — to  hide  his  errors,  or  to  retain  his  position  at 
the  sacrifice  of  great  public  interests.  Such  an  ottense  carries  with  it 
the  indubitable  evidence  that  personal  interest  outweighs,  in  his  opin- 
ion, the  value  of  truth,  the  advancement  of  science,  and  the  welfare  of 
the  public. 

18-FEEr  Plans  to  Pboduce  25-feet  Depth. 

Having  assured  Congress  that  the  width  of  the  jetty  channel 
would  be  all  right,  as  the  North  Jetty  had  never  been  located; 
that  outlets  were  never  intended  to  be  left  in  the  jetties;  that 
"the  project"  contemplates  raising  them  above  high  Avater;  that 
they  only  wanted  $750  000  to  complete  the  entire  thing  Avith  the  jetty 
ends  in  20  feet  of  water;  that  they  knew  it  could  be  done  for  that  sum, 
because  the  South  Jetty  Avas  built  up  and  completed  for  its  estimate,  and 
that  in  fact  it  was  really  more  than  the  works  Avould  cost,  and  would 
*'  leave  a  margin  for  dredging  to  facilitate  the  scour;"  it  is  not  siirprising 
that  they  should  also  assert  that  "the  official  j)lan  "  and  estimate  con- 
templated a  channel  of  25  feet  Avhen  it  never  contemplated  one  of  more 
than  18  feet  de])th.  Accordingly,  in  his  report  to  the  House  Committee 
last  January,  General  Newton  says:  "  The  estimate  of  1880  *  *  * 
contemplated  the  obtainment  of  a  channel  across  the  outer  bar  at  least 
tu^enty-five  feet  deep. "  These  italics  are  Gen.  NcAvton's.  Col.  Mansfield 
makes  the  same  statement  to  the  Senate  Committee  March,  1884.  This 
is  the  first  time  in  the  entire  ten  years  after  the  adA'isory  board 
sanctioned  the  Galveston  plans,  that  any  of  the  army  engineers  officially 
claimed  that  they  would  secure  over  18  or  19  feet  of  water.  The  foUoAV- 
ing  extracts  from  their  official  reports,  shoAV  that  the  estimates  of  1880 
did  not  contemplate  a  depth  of  over  18  fM,  and  that  this  claim  for  25 
feet  AA'as  simply  advanced  to  defeat  my  proposition. 

On  page  1221  of  the  Report  of  June  7th,  1880,  Gen.  Newton  declares 
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"  that  the  project  of  improving  the  entrance  to  Galveston  Harbor,  as  de- 
vised by  Major  Howell,  iu  1873,  had  for  its  object  the  removal  of  the 
inner  bar  between  Fort  Point  and  Pelican  Spit,  and  deepening  the  outer 
Gnlf  Bar/yo;«  fwf'lre  toeiyhti'eiifeet,  j'OAnibly."  On  page  1266  in  the  second 
report  made  (August  9th,  1880),  is  this  statement,  signed  by  Gen.  Newton : 

"  Capt.  Howell  assumed  charge  of  this  harbor  in  1869.  *  *  * 
NeAv  surveys  were,  therefore,  instituted  by  him,  and  after  their  comple- 
tion and  a  thorough  investigation  of  the  subject  involved,  a  pi-ojeet  was 
submitted  to  the  chief  of  engineers  in  1873,  for  the  removal  of  the  inner 
bar,  and  deepening  the  channel  over  the  outer,  possibly  to  IS  feet  depth." 

It  will  be  noted  that  no  change  whatever  in  the  location  of  the  jetties 
was  projjosed  by  the  advisory  board  until  June  7,  1880,  and  none  since 
1880.  In  the  advisory  board's  report  of  June,  1880,  page  1229,  this 
alteration  is  thus  described  :  ' '  The  South  Jetty  should  incline  more  to  the 
north,  taking  the  direction  indicated  by  the  line  A  B,  so  as  to  contract 
the  opening  between  the  two  at  their  outer  ends."  Accordingly  we 
find,  by  a  chart  accompanying  Col.  Mansfield's  Report  for  1883,  herewith 
submitted  (Plate  No.  X,  page  296),  that  at  a  point  about  2  800  feet  from 
the  Fort  Point  light-house,  the  location  of  the  South  Jetty  as  made  by 
Major  Howell,  and  approved  by  the  board  of  1874,  has  been  changed 
more  to  the  north,  by  which  the  original  width  at  the  outer  end  of  the 
North  Jetty  or  gabionade,  has  been  reduced  to  al)Out  10  500  feet,  and  the 
jjarallelism  of  the  two  jetties  has  thus  been  abolished. 

It  was  not  claimed,  even  in  their  Report  (August  9th,  1880)  made 
three  months  after  this  slight  alteration  was  ordered,  that  the  jetties 
would  produce  over  18  feet  of  depth,  but,  on  the  contrary,  the  board, 
after  (his  recomme it (I((t ion,  reY)eat  thsA  both  piers  are  "to  be  extended 
to  such  distance  as  would,  by  contracting  the  waterway,  deepen  the 
Gulf  Bar /o  a  possible  draught  of  18 /'W  (page  1267).  The  board,' in 
1874,  and  in  botb  of  its  Reports  in  1880,  and  subsequently,  are  so  guarded 
in  expressing  their  opinion  as  to  the  probable  depth  that  would  follow^ 
the  construction  of  these  embryonic  jetties,  that  it  is  evident  that  it 
thought  there  was  great  risk  of  an  important  loss  of  professional  reputa- 
tion in  predicting  ereii  ISft^et.  This  risk  was  not  taken  by  them  until 
after  I  j^roposed  to  deepen  this  channel  to  30  feet. 

The  only  pretext  for  this  statement  is  in  the  report  of  the  civil  assist- 
ant, Mr.  Ripley,  to  Col.  Mansfield,  in  1880.  But  Gen.  Newton,  with 
reference  to  reports  of  subordinates,  says  to  the  River  and  Harbor  Com- 
mittee, that  "these  reports  have  no  value,  save  the  authority  of  their 
authors."  He  further  says:  "  They  are  without  any  sanction  from  the 
proper  authority."  He  now  hastily  takes  advantage  of  the  guess-Avork 
opinion  of  one  of  the  subordinates  whom  he  thus  humbles,  and  boldly 
declares  that  the  estimates  of  1880  contemplated  a  depth  of  25  feet. 

We  will  now  turn  to  page  1213  of  the  Report  of  1880,  and  see  what 
Mr.  Ripley  really  said  about  this  matter.     He  says  : 
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"Now,  -without  going  into  a  refined  and  matbematic-al  discussion, 
calling  for  exact  data,  as  to  velocity,  water  slopes  and  volume  of  dis- 
charge, vliicli  vp  ilo  not  passtess,  we  will  simply  point  to  the  facts,  that 
in  the  present  condition,  without  jetties,  there  is  maintained  on  the  bar, 
over  the  area  between  the  two  jetties,  a  very  constant  depth  of  eleven 
feet." 

Then,  without  any  "  e.ract  ihita  ks  to  velocity,  ifuter  .slopes  and  vol- 
ume of  discharge,"  Mr.  Ripley  goes  into  an  arithmetical  calculation,  and 
winds  up  with  the  statement  that  "we  should  look  with  confidence  for 
an  extreme  depth  of  not  less  than  25  feet." 

It  is  not  necessary  to  tell  the  Members  of  this  Society  that  Mr.  Ripley's 
conclusions  on  this  subject  have  no  intrinsic  value  whatever,  because  of 
his  want  of  j)roper  data.  His  superior  officers,  however,  gladly  appro- 
priate the  report  of  this  humble  assistant  engineer  as  though  it  were 
their  own,  and  in  the  next  breath  Congress  is  assured  that  such  "  rej^orts 
have  no  value  save  the  authority  of  their  authors."  The  following  con- 
clusions on  this  point  are  inevitable,  from  a  careful  study  of  these  reports: 

First. — That  if  the  plan  and  estimate  of  1880  were  intended  to  secure 
25  feet  water,  they  ought  to  produce  it  now  without  adding  2|  miles  of 
jetty  in  1884  to  that  plan. 

Second. — The  fact  that  the  plan  of  1880  only  contemplated  building  a 
jetty  one  and  a  half  miles  long  (or  8  090  feet),  and  stopping  it  in  12 
feet  water;  while  the  authors  of  it  present  another  plan  in  1884,  involv- 
ing a  jetty  four  and  a  quarter  miles  long,  and  extending  to  water  20 
feet  deep,  is  proof  positive  that  the  authors  of  the  plan  of  1880  did  not 
believe,  after  its  defects  were  exposed  in  1884,  that  it  would  produce  25 
feet  dejith. 

Third. — The  fact  that  Congress  was  assured  in  1884  that  the  estimate 
of  1880  was  ample  to  build  the  North  Jetty  and  secure  25  feet  of  water, 
while  the  plan  presented  to  the  Senate  and  House  Committees  is  a  very 
different  one,  and  far  more  expensive,  is  proof  positive  of  the  intention 
to  commit  Congress,  witlioid  its  knowledge,  to  a  much  greater  outlay 
than  $750  000,  and  at  the  same  time  create  the  belief  in  Congress  and 
out  of  it,  by  presenting  the  old  estimate  vu'th  the  new  plan,  that  my 
proj)osal  of  $7  750  000,  for  i^ermanent  works  twice  as  costly  and  exten- 
sive as  those  at  South  Pass,  with  its  giiaranty  of  30  feet  of  water,  was  a 
huge  job;  or,  as  Colonel  Mansfield  states  in  his  report  of  March,  1884: 
"  In  other  words,  the  Government  is  to  commit  itself  to  the  payment  of 
$7  750  000  during  the  next  sixteen  years,  for  about  what  the  Govern- 
ment can  secure  by  continuing  the  present  work  during  the  next  two 
years  for  $750  000;  a  work  to  which  it  is  already  committed." 

Of  course  my  projjosal  did  not  prevent  others  from  underbidding  it. 
With  this  intention,  at  the  time,  some  other  jiarties  engaged  the  services 
of  one  of  the  most  distinguished  and  able  civil  engineers  in  this  Society, 
O.  Ohanute,  Esq.,  to  visit  Galveston  and  carefully  inquire  into  the  prob- 
able cost  of  the  necessary  works  to  produce  30  feet  of  water.  Mr.  Chan- 
ute  has  told  the  Society  in  this  discussion,  as  the  result  of  his  visit  and 
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tjxaminatiou,  that  he  found  that  there  was  no  margin  of  i^rofit  at  the 
price  I  proposed,  and  so  reported  to  his  employers,  and  they  thereupon 
abandoned  their  intention  of  i)uttiug  in  a  oounter-i)ropoaal. 

Alleged  Impeovement  of  Channel. 
Col.  Mansfield  says  in  Col.  Merrill's  paper,  last  January: 
"  Upon  the  inner  bar  there  is  now  26  feet  of  u-ater  at  low  tide  where 
formerly  there  teas  but  about  nine  feet,  and  the  depth  of  water  over  the 
outer  bar  has  been  improved  so  that  navigation  has  been  benefited  to 
the  extent  of  about  two  feet,  and  this  has  been  accomplished  by  the 
Government  works,  which  consist  of  an  incomplete  jetty  running  from 
Port  Point  out  to  the  crest  of  the  bar,  a  distance  of  4^  miles. " 

In  this  single  sentence  I  have  italicized  four  distinct  declarations  in 
direct  contiict  with  official  statements  made  previously  by  this  officer. 

The  reader  is  led  to  believe  that  26  feet  exists  over  the  inner  bar,  or 
shoal  between  the  outer  bar  and  Galveston  Harbor.  If  the  outer  bar 
were  deej^ened  to  30  feet,  26  feet  could  not  be  carried  into  Galveston 
Harbor,  yet  that  it  can  be  is  clearly  the  meaning  of  this  statement.  That 
there  is  26  feet  on  the  former  site  of  this  shoal  may  be  true;  but  is  it 
frank  to  make  such  a  statement  when  no  greater  depth  can  be  carried 
into  the  harbor  than  existed  in  1877,  three  years  before  he  began  his 
incomplete  jetty?  Then  the  dejith  over  the  ol)strac'ting  shoal  was  21 
feet.  This  fact  is  jjroved  by  the  following  extract  from  his  Report  to  the 
Senate  Committee  on  my  proposition,  March  18th,  1884: 

"  The  first  approj^riation  for  the  improvement  of  Galveston  Harbor 
after  adoption  of  a  project,  was  made  in  1874,  and  work  was  commenced 
on  the  Port  Point  gabionade  in  September  of  that  year,  and  was  con- 
tinued until  June,  1877,  having  expended  for  all  purposes  the  sum  of 
$282  000,  with  the  result  of  effecting  an  additional  permanent  increase 
of  ^\  feet  in  the  depth  on  the  inner  bar." 

This  was  in  1877,  and  this  brought  the  depth  from  12  J  feet  to  21  feet. 
On  page  1205  of  Col.  Mansfield's  Eeport  for  1880,  he  says  :  "We  have 
now  20  feet  of  water  over  the  inner  bar."  This  is  a  foot  less  than  in 
1877.  His  statement  leads  the  reader  to  believe  that  before  this  incom- 
jilete  jetty  was  commenced,  only  9  feet  existed  on  the  inner  shoal,  while 
the  above  qiiotation  from  his  Report  of  1880  i)roves  that  he  had  11  feet 
more  than  that  at  that  time.     He  tells  the  Senate,  March  18th,  1884  : 

"  Work  under  the  present  plan  was  commenced  in  Jiily,  1880,  in  the 
construction  of  the  South  Jetty.  Upon  this  work  *  *  *  there  will 
have  been  expended  for  all  purposes  the  sum  of  $975  000,  including 
$100  000  donated  by  the  City  of  Galveston.  There  resulted  from  this 
work,  24  years  from  its  commencement,  an  increased  depth  of  2  feet  on 
the  outer  bar,  which  has  been  maintained  up  to  the  present  time. 
There  has  also  been  an  increased  depth  on  the  inner  bar  due  to  this 
work." 

If  there  was  an  increased  depth  on  the  inner  bar,  there  must  have 
been  over  20  feet  on  it.  This  inner  bar  had  simply  shifted  its  position, 
and  instead  of  there  being  an  increase  of  depth  on  it  then,  there  was  21 
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inches  /ess  than  when  he  began.  Plate  No.  X,  accompauyiug  his  report 
of  1883  (and  herewith  submitted),  shows  the  dejjth  "2^  years  after  its 
commencement  "  to  be  l)Ut  18|:  feet.  In  this  same  report  he  indirectly 
admits  this  fact  in  the  following  statement:  "A  shoal  in  the  channel 
has  formed,  since  the  inner  bar  improvements,  inside  the  bar,  with  a 
depth  of  but  ISi  feet  upon  it."  When  the  limiting  depth  into  Galves- 
ton Harbor,  without  reference  to  the  outer  bar,  was  but  18i  feet,  how  is 
it  "to  deal  with  Congress,"  to  assure  it  in  1884  that  "there  has  been  an 
increased  depth  on  the  inner  ])ar  due  to  this  work,  Avhich  was  commenced 
in  1880,"  when  there  Avas  21  feet  on  it  in  1877,  20  feet  in  1880,  and  only 
18i  feet  when  he  was  making  this  statement  ? 

The  part  of  the  South  Jetty  across  the  swash  channel,  where  the 
opening  was  intended  to  be  left  through  it,  has  not  been  built  up  high 
enough  to  keep  the  storms  from  bringing  large  quantities  of  sand  into 
the  channel,  and  the  result  is  that  neither  the  location  nor  the  dej)th  of 
the  inner  bar  are  stable.  At  this  time  the  depth  on  this  shoal  is  reported 
to  be  21  feet,  but  as  there  is  but  13  feet  on  the  outer  bar,  the  excess  over 
this  13  feet  is  of  no  important  benetit.  This  part  of  the  South  Jetty  is 
alluded  to  in  General  Newton's  Report  to  the  House  Committee  as 
something  entirely  distinct  from  that  jetty,  when  in  fact  it  is 
simply  part  and  j^arcel  of  the  4i  miles  of  that  structure.  In  this 
Eeport  he  says;  "The  South  Jetty,  as  well  as  the  worLs  at  the  inner  bar, 
have  not  been  of  a  mere  experimental  character."  He  then  goes  on  to 
repeat  the  erroneous  claim  that  "those  (the  works)  at  the  inner  bar 
"  have  largely  increased  the  dei^th  there." 

The  official  reports  prove  most  conclusively  that  since  this  incomplete 
jetty  was  commenced,  the  improvement  on  the  outer  bar  is  only  3  inches, 
or  just  one-eighth  as  much  as  Col,  Mansfield  reported  it  to  be  to  the 
Senate  in  March,  1884.  On  page  147,  Report  of  1880,  the  Chief  of  Engi- 
neers states  that  the  depth  over  the  outer  bar  then  was  twelve  and  three- 
quarter  feet.  On  page  1298,  Report  of  1884,  Col.  Mansfield  reports  the 
depth  on  it  to  be  but  thirteen  feet. 

Permanence  of  the  South  Jetty. 

The  gabionade  system  having  proved  an  utter  failure  in  1879,  Col. 
Mansfield  assumed  charge  in  1880,  and  he  tells  us  (page  1205  of  Chief 
of  Engineers'  Report,  1880)  : 

"It  is  now  intended  to  build  the  jetties  of  brush  and  stone,  on  a  sys- 
"  tem  that  undoubtedly  will  svicceed,  for  it  has  been  applied  to  open  sea 
"  exposure  at  the  mouth  of  the  Maas,  where  it  has  realized  all  anticipa- 
"  tions,  and  established  a  certain  and  economical  way  of  constructing 
"  these  sea  works  on  sand  coasts." 

As  the  Maas  jetties  "have  not  realized  all  anticipations,"  and  as  they 
are  not  "an  economical  w-ay  of  constructing  these  sea  works,"  intelli- 
gent engineers  were  surprised,  at  the  time,  that  unsuccessful  works  in 
Holland  should   be  chosen  as  the  j^attern   for  a  second  experiment  at 
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Galveston,  while  successful  works  only  a  few  hundred  miles  distant 
seemed  to  be  wholly  overlooked.  The  method  of  willow  construction 
devised  by  Mr.  Calland  was  exceedingly  ingenious,  and  as  the  Maas  is  a 
sedimentary  river,  and,  as  those  works  were  built  up  above  high  tide 
throughout  their  entire  length,  the  river  deposit  soon  filled  them, 
and  they  became,  like  the  works  at  South  Pass,  solid  and  substantial. 
As  the  first  sea  works  of  the  kind  known  in  history,  they  constitute  a 
splendid  testimonial  of  the  ingenuity  and  ability  of  Mr.  Calland.  Unfor- 
tunately he  made  the  same  error  that  was  committed  at  Galveston  in 
locating  them.  They  are  about  1  000  meters  apart,  and  the  frictional 
resistance  of  the  channel  bed  is  too  great  for  the  volume  of  discharge 
through  them.  Instead  of  producing  26  feet  of  water,  only  about  16 
feet  is  maintained  by  them.  They  greatly  exceeded  their  original  esti- 
mate, and  a  Government  commission  which  examined  them  about  eight 
years  ago,  reported  that  to  make  them  produce  the  required  depths 
would  more  than  double  their  cost  at  that  time.  From  this  it  will  b& 
seen  that  an  error  in  locating  such  works  cannot  be  remedied  as  General 
Xewton  proposes  at  Galveston,  "  by  further  extension  into  deep  water"' 
and  "'by  auxiliary  works,  if  needed,"  except  at  immense  cost.  I  am 
credibly  informed  that  the  estimate  for  correcting  the  mistake  at  the 
Maas  is  over  fourteen  million  guilders.  Nearly  what  I  asked  for  jetties 
at  Galveston,  inch'diiig  dOfeet  of  iraier. 

The  method  of  construction  devised  by  Col.  James  Andrews,  Assoc. 
M.  Inst.  C.  E.  (the  builder  of  the  South  Pass  Jetties)  and  myself,  is  very 
much  cheaper  than  that  of  Mr.  Calland.  A  mattress  of  a  certain  size 
by  the  Holland  system,  requiring  two  days  to  construct,  can  by  this 
method  be  made  in  less  than  three  hours,  with  an  equal  number  of  men. 
This  method  was  substantially  adopted  at  Galveston,  the  Maas  system 
being  too  exjaensive. 

This  second  experiment  at  Galveston  has  clearly  demonstrated  that 
neither  of  these  systems  of  construction  will  succeed  there,  owing  to 
the  total  absence  of  river  sediment.  This  is  needed  to  fill  up  the  inter- 
stices existing  in  the  brush  and  stone,  to  protect  the  brush  from  the  sea- 
worm  and  insure  the  consolidation  of  the  jetties.  The  argillaceous  or 
clayey  matters  in  river  deposits  form  a  bond  which  serves  to  protect  the 
sand  particles  from  being  so  readily  moved  through  these  interstices  by 
the  currents  induced  by  the  dilierences  of  level  of  the  waves  and  tides 
on  opposite  sides  of  the  same  jetty.  No  better  evidence  of  the  impolicy 
of  using  willows  or  brush  in  the  Galveston  Jetties  can  be  wanted  than 
the  fact  that  the  South  Jetty,  built  up  throughout  to  low  water  in  1883, 
was  found,  a  year  afterwards,  to  be  eight  or  ten  feet  lower.  Tbe  young 
teredo  enters  the  wood  through  a  point  scarcely  discernible,  and  grows 
on  what  it  consumes.  Its  body  frequently  attains  the  length  of  seven 
inches,  and  a  diameter  of  fully  half  an  inch.  Its  head  is  provided 
with  a  marvellously  ingenious  apparatus  for  boring  the  hardest  timber. 
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and  its  body  is  terminated  with  two  fins  for  propulsion  through  the 
water.  In  warm  seas  they  grow  to  a  size  even  greater  than  I  have 
stated. 

A  full  understanding  of  the  real  merits  of  this  experiment  is  not 
complete  without  some  remarks  upon  the  character  of  this  South  Jetty 
and  the  no  less  astonishingly  versatile  statements  made  by  Col.  Mans- 
field about  it.  On  page  19  I  have  quoted  from  his  Report  of  March, 
1884,  to  the  Senate  Committee,  where  he  says  "the  South  Jetty  has  het-n 
completed  for  the  sum  already  api^ropriated."  In  January  the  declara- 
tion of  this  same  ofiicer  is  read  to  the  House  of  Representatives  (in  Col. 
Merrill's  paper)  that  this  jetty  is  incompleie,  but  has  still  jjroduced  the 
marvelous  effects  elsewhere  stated.  On  page  1063  of  his  Report  of 
1883,  we  find  a  letter  from  Col.  Mansfield  to  the  Mayor  of  Galveston  in 
regard  to  what  it  woukl  take  to  complete  this  jetty.  Congress  had  failed 
to  i^ass  a  River  and  Harbor  Bill,  and  Galveston  was  willing  to  borrow 
money  to  com^dete  the  Avork.  Col.  Mansfield  said  then  :  "S100,000  will 
keep  the  work  on  through  the  summer,  and  will  effect  the  entire  com- 
pletion of  tJie  South  Jetty,  *  *  *  built  up  throughout  to  the  level 
of  mean  loir  irater.^'  He  got  the  money,  and,  in  Col.  Merrill's  pai:)er, 
he  says  :  "This  structure  is  a  most  substantial  one,  and  is  not  likely  to 
deteriorate  much."  Two  months  before  this  statement,  Hou.  C.  R. 
Breckinridge  visited  Galveston  Harbor  and  asked  Col.  Mansfield  to  go 
with  him  in  a  small  boat  to  sound  the  depth  of  water  over  this  "sub- 
stantial "  work.  Mr.  Breckinridge,  while  sounding  vith  Col.  Mansfield, 
throughout  its  entire  length,  found  that  there  was  an  average  depth  of 
between  6  and  7  feet  over  it  at  low  tide.  Eight  mouths  before  this  he 
had  reported  it  as  built  uji  to  mean  low  tide,  and  completed.  Only  two 
months  after  finding  it  6  or  7  feet  below  the  height  he  had  built  it  up 
to,  his  statement  is  read  to  Congress  that  "this  structure  is  a  most  sub- 
stantial one,  and  is  not  likely  to  deteriorate  much."  Mr.  Breckinridge 
naturally  exclaimed  :  "How  is  this  to  deal  with  Congress,  to  send  report 
after  report,  and  leave  Congress  in  the  belief  that  this  jetty  is  really 
substantial,  and  not  likely  to  deteriorate  much  ?  Surely  it  is  not  frank 
and  manly  in  an  engineer  to  hide  these  facts  from  Congress  and  the 
public."  This  and  other  misstatements  were  exposed  in  the  clearest 
possible  manner  by  Mr.  Breckinridge  on  the  floor  of  the  House,  on  the 
third  day  of  February,  by  quotations  from  the  reports  of  these  en- 
gineers ;  and  in  reference  to  them,  he  says  : 

"And  yet  these  gentlemen,  Avho  are  our  presumed  hoi)e,  guides  and 
support — the  ones  that  suffering  commerce  and  a  languishing  State  all 
look  to — they  come  and  certify  such  things  to  us  as  if  we  would  never 
look  up  their  past  reports,  but  would  go  on,  suffering  forever,  and  for- 
ever sustaining  them  with  the  people's  millions  in  wretched  experiments 
that  the  great  marine  engineers  of  the  world  tell  us  are  but  child's  play. 
It  is  in  vain  for  these  gentlemen  to  talk  about  this  as  a  mere  personal 
question,  when  the  commerce  of  the  country  is  suff"ering.       *       *       * 
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when  tliey  are  failing  in  argument,  failing  in  works,  and  even  failing  in 
statements  of  fact.  I  have  been  astounded  at  these  proceedings."  (See 
Cong.  Record,  Feb.,  1885.) 

Submerged  Jetties. 

I  pointed  out  the  fact  that  the  waves  of  the  sea  would  transport  the 
sand  from  the  shoals  outside  of  the  jetties  over  into  the  jetty  channel, 
and  therefore  that  any  improvement  of  depth  which  may  occur  between 
submerged  jetties  will  be  unreliable  ;  and  that  for  the  same  reason  the 
cross  currents,  induced  by  winds  or  other  causes,  will  carry  sand  over 
the  siilimerged  jetties  and  tend  to  fill  iip  the  channel. 

Colonel  Mansfield  says,  in  his  report  to  the  Senate  Committee: 

"The  drifting  sand  is  banked  against  the  north  side  of  the  South 
Jetty,  and  thus  tends  continually  to  ohUterale  the  jetty  channel.  The 
overrtowing  water,  on  the  other  hand,  has  excavated  a  deep  trench  along 
the  south  face  of  the  jetty.  The  amount  of  deepening  from  this  over- 
flow varies  from  4  to  8  feet,  and  remains  permanent." 

According  to  the  reports,  an  increased  depth  of  only  3  inches  on  the 
bar  has  been  secured,  while  a  channel  from  4  to  8  feet  deep  has  been 
created  on  the  wrong  side  of  the  South  Jetty  by  currents  flowing  over  it. 

My  argument  before  the  committee  conclusively  proved  the  necessity 
of  building  these  jetties  up  above  high-water  mark.  Accordingly,  we 
find  the  following,  by  General  Newton,  in  his  report  to  the  River  and 
Harbor  Committee,  January  7th,  1885:  "As  to  the  height  which  these 
jetties  should  be  built,  that  was  regarded  by  the  board  as  tentative,  and 
it  was  understood  that  the  height  should  be  finally  regulated  to  meet  the 
requirements  of  the  case."  This  does  not  agree  with  what  he  said  in 
1880  (see  page  1229,  Report  of  Advisory  Commission) : 

"  It  has  always  been  assumed  that  the  Galveston  Jetties  are  to  be  sub- 
merged, but  to  what  extent  can  only  be  determined  by  results  produced 
from  the  progress  of  their  construction.  Shotdd  an  average  height  of  b 
feet  above  the  sand  bottom  prove  sufficient  to  subserve  the  purpose  for 
which  they  were  designed,  it  seems  probable  that  they  can  be  con- 
structed, by  either  of  the  methods  proposed,  for  .$40  per  linear  foot." 

From  this  it  is  evident  that  the  estimate  of  1880  contemplated  only 
an  average  height  of  5  feet  above  the  sand  bottom  for  these  jetties.  The 
average  depth  of  water  which  jetties  to  maintain  30  feet  must  be  built  in 
at  Galveston  is  14  feet,  and  they  should  be  5  feet,  at  least,  above  the 
water.  Congress  was  therefore  not  only  led  to  believe  by  these  ofiieers 
that  .$750  000  would  cover  the  cost  of  a  jetty  2j  miles  longer  than  the 
one  contemplated  by  their  estimate,  but  that  it  woiild  build  it  19  feet 
higher,  when  the  estimate  only  contemplated  its  height  at  5  feet  above 
the  sand  bottom.* 

Justice  to  Major  Howell's  Memory. 

General  Newton  says,  in  his  Report  to  the  River  and  Harbor  Commit- 

*A  comparative  chart  (Plate  No.  XIU)  illustrating  the  progress  of  the  work,  aud  the 
inconstant  features  of  "theotiicial  plan,"  carefully  prepared  from  official  data,  is  herewith 
submitted. 
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tee,  January  17th,  1885:  "  Before  leaving  this  part  of  the  subject,  I  will 
state  that  the  gabionade  system  of  Major  Howell  was  never  indorsed 
by  the  board;  but  an  experiment  on  a  limited  scale,  by  placing  a  short 
line  of  gabions  near  the  bar,  and  another  short  line  near  the  shore,  was 
recommended,  to  test  its  eflSciency."  This  effort  to  shift  the  responsi- 
bility of  this  costly  illustration  of  tentative  engineering  wholly  upon 
the  shoulders  of  this  lamented  and  ingenious,  though  singularly  unfor- 
tunate young  officer,  whose  Fort  St.  Philip  Canal  and  Galveston  plans 
absorbed  so  much  of  the  time  and  study  of  his  illustrious  seniors,  should 
not  be  permitted  to  pass  into  history  unqualified.  It  remains,  in  the 
general  silence  which  has  followed  this  statement,  for  one  whom  he 
loved  but  little  while  living,  to  shield  his  memory  from  this  post-mortem 
reproach.  I  therefore  quote  again  from  official  documents  signed  by 
General  Newton  as  recently  as  1880: 

"It  was  the  expectation  of  Captain  Howell,  the  originator  of  this 
method  of  construction,  as  well  as  of  the  board  that  recommended  its 
trial,  that  the  drift  sand  of  the  coast  would  cover  the  gabionade. 
*  *  *  It  would  be  very  unjust  to  the  originator  of  this  system  of 
construction  to  condemn  it  on  imperfect  evidence  without  personal 
examination.  *  *  *  It  seems  quite  probable  that  the  gabions  have 
not  been  made  as  strong  as  they  should  be;  that  they  are  not  siifficiently 
braced  inside.  *  *  *  Until  the  above  methods  have  been  tried  with 
gabions  made  stronger  *  *  *  the  board  cannot  regard  the  question 
of  their  success  or  failure  as  fully  decided.  It  may  yet  occur  that  the 
gabionade  will  collect  drift  sand.  *  *  *  The  time  that  has  elapsed 
since  the  Bolivar  Pier  was  commenced  "  [the  pier  that  was  never  located) 
"  is  not  sufficient  to  determine  that  question." 

(See  pages  1269  and  1270  Advisory  Board's  Keport  of  1880.)  Addi- 
tional official  evidence  of  the  ajjproval  and  indorsement  of  Major  How- 
ell's gabion  experiments  will  be  found  on  page  295,  where  I  have  corrected 
other  statements  made  to  the  discredit  of  this  zealous  young  officer. 

Tentative   Engineeking. 

General  Newton,  in  his  Keport  to  the  River  and  Harbor  Committee^ 
strives  to  defend  this  poli-cy,  and  says  the  jetties  of  the  Mississippi  Eiver 
were  placed,  originally,  1  000  feet  apart,  and  that  I  have  had  this  width 
since  diminished.  He  says:  "It  is  too  late,  after  such  an  experience,  to 
pretend  to  regulate  beforehand  the  exact  length,  height  or  distance  apart 
of  jetties,  and  thus  wholly  reject  the  tentative  process." 

The  Jetties  at  South  Pass  were  located  under  a  law  which,  had  it  not 
beenmoditied,  would  have  compelled  an  enormous  increase  of  the  flow 
through  the  Pass,  and  for  such  a  channel  the  jetties  would  not  have 
been  too  wide  aj)art.  While  I  had  reason  to  believe  that  such  a  chan- 
nel would  not  be  insisted  upon,  it  was  unsafe,  when  locating  the  jetties, 
to  assume  that  the  law  would  be  modified.  Besides,  the  South  Pass 
Jetties  were  built  on  the  most  recent  deposits  of  the  Mississippi,  where 
it  was  thought  by  many  engineers  that  it  would  be  impossible  for  them 
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to  be  sustained.  In  many  ^jlaces  nuder  them  we  could  force  a  pole 
down  six  or  eight  feet  bv  hand  into  the  soft  deposit,  and,  as  a  matter  of 
safety  from  settlement,  it  was  essential  to  have  them  as  wide  apart  as 
was  compatible  with  the  object  in  view. 

Col.  Merrill  and  Gen.  Newton  would  lead  one  to  suppose  that  the 
price  proposed  by  me  for  the  Galveston  Jetties  Avas  to  be  handed  over 
in  a  lump  at  once,  and  the  Colonel  indignantly  asks,  how  I  "or  any 
one  else  could  have  completed  an  $8  000  000  job  for  $1  000  000  "—which 
was  all  that  Col.  Mansfield  had.  Gen.  Newton  writes  in  the  same  strain 
about  the  insignificant  amounts  voted  for  Galveston  Harbor.  This  is 
the  flimsiest  kind  of  sophistry.  Instead  of  getting  ^1  500  000  from  the 
Government,  and  having  only  a  doubtfiil  3  inches  of  improvement  to 
navigation  to  show  for  it,  we  deejjened  the  bar  12  feet  at  the  South  Pass 
before  we  got  a  dollar  from  the  Government,  and  we  executed  80  per 
cent,  of  the  entire  work  before  it  had  paid  us  il  000  000.  At  Galveston 
a  quarter  of  a  million  more  than  the  entire  estimate  for  the  works  con- 
templated by  the  original  plan  has  already  been  expended,  and  all  that 
remains  now  "to  point  a  moral  or  adorn  a  tale"  of  that  stupendous 
folly,  are  the  worm-eaten  riiins  of  a  misplaced  jetty.  For  the  public  treas- 
ure we  expended  at  South  Pass,  the  country  has  had  a  channel  for  the  last 
six  years  through  which  the  largest  ships  in  the  world  can  pass  night 
or  day  without  let  or  hindrance,  and  which  is  maintained  by  works 
that  will  endure  longer  than  the  pyramids.  The  tentative  engineering 
of  oiir  adversaries  has  meanwhile  held  the  commerce  of  an  immensely 
-productive  region,  far  larger  than  the  combined  areas  of  France,  Spain, 
Portugal  and  Italy,  virtually  by  the  throat,  helpless,  throttled  and 
languishing.  Their  North  Jetty  was  swallowed  up  in  the  sands  so  long 
before  it  was  comijleted,  that  they  actually  forgot  that  it  was  ever  lo- 
.cated;  and  in  eight  months  after  its  builders  had  pronoiinced  the  other 
one  finished,  a  ten-foot  measure  was  required  to  discover  the  little  of  it 
which  the  worms  and  waves  had  left.  With  a  million  and  a  half  ex- 
pended by  them,  even  the  location  of  their  works  cannot  be  seen  excejit 
upon  official  charts,  which  they  are  heartily  ashamed  of  and  which  they 
would  gladly  repudiate. 

A  distingiiished  memlier  of  the  River  and  Harbor  Committee,  only 
eight  months  after  one  of  these  officers  had  solemnly  assured  the  United 
States  Senate  that  the  South  Jetty  had  been  completed  up  to  the  level 
of  low  tide  for  its  estimate,  determined  to  personally  examine 
this  comi:)leted  work.  Guided  by  this  same  officer,  he  actually  re- 
quired a  ten-foot  pole  to  tell  the  depths  of  Avater  over  the  shrunken 
remnant  of  this  four  and  a  quarter  miles  of  completed  jetty,  for  in  some 
I)laces  it  was  then  at  low  tide  ten  feet  to  the  crest  of  it.  With  blistered 
tiands  and  a  sad  heart  he  finished  his  task,  and  was  rowed  back  with  his 
official  Mentor  to  the  city.  The  reader  can  imagine  with  what  astonish- 
ment this  gentleman  heard  onlv  two  months  after  this,  a  declaration 
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made  by  this  same  oflSeer,  read  to  the  U.  S.  House  of  Eepresentatives, 
that ' '  this  structure  is  a  most  substantial  one,  and  not  likely  to  deteri- 
orate much."  (See  speech  of  Hon.  C.  R.  Breckinridge,  February  3d, 
1885,  Cong.  Record.) 

It  can  hardly  be  expected  that  I  shoiild  notice  the  adverse  criticisms 
which  such  hydraulic  engineers  bestow  upon  the  works  at  South  Pass. 
Those  who  opposed  their  construction  most  bitterly  will,  of  course,  be 
the  last  to  concede  the  great  success  which  the  world  accords  them. 
Biit  the  public  may  be  deceived  by  the  plausibility  of  their  excuse  for 
not  applying  the  same  principles  at  Galveston  which  were  so  successful 
at  the  Mississippi.  The  bar  at  the  latter  they  say  is  a  delta  bar  formed 
by  a  river,  whilst  that  at  Galveston  is  a  drift  bar  and  created  by  the  sea, 
hence  the  same  principles  are  not  apijlicable  to  each.  This  is  a  grave 
error.  Whenever  it  can  be  shown  that  they  are  not  both  controlled  by 
the  same  laws,  there  may  then  be  a  reason  for  not  api^lying  the  same 
principles  to  each,  but  not  until  then.  But  becaiise  the  water  at  one  is 
highly  charged  with  river  mud,  which  is  wholly  absent  at  the  other, 
there  is  a  good  reason  why  the  same  method  of  constructing  the  works 
at  one  will  not  succeed  at  the  other.  If  the  reader  will  examine  the 
official  rejjorts  of  1873-75  relating  to  the  Mississippi  Jetties,  he  will 
see  that  similar  arguments  were  advanced  then  by  Gen.  Humphreys 
and  Gen.  Newton  to  assure  Congress  of  the  certainty  of  their  failure, 
namely:  because  the  Mississijipi  was  totally  unlike  the  Danul>e,  and 
other  rivers  where  jetties  had  been  successful.  The  simjile  answer  to 
all  this  then,  was  that  the  same  laws  control  the  flow  of  water  every- 
where.    This  answer  is  equally  good  in  the  present  case. 

The  Maas  Jetties  and  other  failures  are  cited  to  prove  that  able  en- 
gineers do  not  always  make  successes. 

In  engineering  and  other  professions  based  upon  exact  science,  there 
should  be  no  failures.  It  has  been  an  axiom  with  me  for  more  than  30 
years  that  "there  are  no  failures  in  engineering  but  what  result  from 
bad  engineering. "  As  well  might  we  point  to  some  l>lunder  made  by 
an  astronomer  to  jjrove  that  he  was  an  able  one.  When  an  engineer 
fails  to  observe  any  one  of  the  laws  that  affect  the  work  he  has  in  hand, 
he  will  be  very  ajit  to  be  reminded  by  Nature  of  such  disregard  before 
he  gets  through  with  his  task.  At  the  Maas  Jetties  the  same  mistake 
was  made  as  at  Galveston.  They  were  placed  at  an  enormous  distance 
from  each  other,  the  element  of  friction  being  wholly  overlooked.  The 
gravity  of  the  water  and  the  friction  of  the  bed  are  the  two  great  forces 
in  all  siich  j^roblems.  It  is  just  as  unwise  to  neglect  the  due  considera- 
tion of  one  as  of  the  other.  They  are  like  opposite  weights  in  the  scales 
of  a  balance,  and  the  transporting  power  of  the  water  is  the  third  great 
factor,  which,  by  deepening  here  and  depositing  there,  is  constantly 
striving  to  maintain  a  condition  of  stable  equilibrium  between  them. 

Engineers  are  justified  sometimes,  by  imjjortant  saving  in  cost,  in 
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taking  certain  risks,  as,  for  inst.ance,  in  not  making  prei:)aration,  when 
Iniildiug  a  bridge,  for  tlie  rdourreuce  of  a  flood  of  extraordinary  height, 
bnt  which  is  not  likely  to  occur  more  than  once  in  a  score  or  two  of 
years.  If  it  comes,  and  disaster  follows  from  its  excessive  height,  the 
engineer  is  excusable,  especially  if  he  had  advised  his  employers  of  the 
facts  and  acted  with  their  sanction. 

But  to  return  to  Tlie  Ten  tat  in'  System  of  Eitgineering.  Nothing 
can  be  more  convincing  to  any  man  of  common  sense  than  that  this 
system  should  be  rigidly  enforced  by  Congress,  with  limited  aiijiroiiria- 
tions  so  long  as  the  great  civil  engineering  works  of  the  country  are 
planned  and  executed  by  military  officers.  Let  us  take  these  Jetty 
experiments  as  an  illustration.  About  eleven  years  ago  the  jjlan 
I  proposed  for  the  Southwest  Pass  was  emphatically  condemned  by 
Gen.  Humphreys,  Gen.  Newton  and  others  responsible  for  the  Galves- 
ton failure.  They  rejected  the  theories  upon  which  I  based  my  hopes 
of  success  at  the  South  Pass,  and  very  naturally  discarded  the  essential 
features  of  the  Mississijjpi  Jetties  from  their  Galveston  jjlans.  To  re- 
duce to  a  minimiim  the  enormous  bar  advance  which  they  predicted, 
they  placed  their  jetties  over  12  000  feet  apart,  overlooking  the  fact  that 
the  friction  of  this  wide  expanse  of  channel  bed  would  neutralize  the 
force  of  the  water  discharged  from  the  bay,  with  which  the  channel 
must  be  excavated  and  maintained.  To  facilitate  filling  the  bay,  they 
left  enormous  openings  through  the  jetties,  oblivious  of  the  fact  that 
the  slope  of  surface  must  at  Jirsf  be  increased  before  any  channel  deejj- 
ening  can  take  place,  and  that  the  flow  into  and  from  the  bay  must  be 
obstructed^not  facilitated— to  cause  this  increase  of  slope.  They  also 
overlooked  the  loss  of  excavating  force  in  the  channel  by  the  escape  of 
the  ebb  tide  through  these  openings,  as  well  as  the  inevitable  transpor- 
tation of  immense  quantities  of  sand  into  the  channel  through  them. 
Then  they  decided  that  it  was  not  necessary  to  extend  their  jetties  out 
to  deep  water,  forgetting  that  the  waves  of  the  Gulf  are  continually 
heaping  up  the  sands  onto  the  shore  in  lesser  depths  than  30  feet,  and  will 
thus  make  any  channel  through  the  shoals  beyond  the  jetties  unstable. 
Then  they  determined  to  keep  the  jetties  below  the  surface  of  the  water, 
ignoring  a  fact  which  is  illustrated  on  every  sand  shoal  in  the  world  on 
which  an  obstruction  of  any  kind  is  to  lie  found,  over  which  a  current 
of  water  flows;  namely,  that  on  the  lee  side  of  such  obstruction  there 
is  found  a  depression  in  the  sand  caused  by  what  engineers  term  the 
overfall  of  the  CTirrent,  which  makes  the  undermining  of  the  jetties 
sinii)ly  a  question  of  time  unless  l)uilt  with  enormous  Avidth  of  base. 

Shii)3  wrecked  on  a  sandy  beach  disapjiear  under  the  sands  from 
this  cause.  Forced  broadside  on  shore  by  the  storm,  the  overfall  of  the 
storm  waves  which  pass  over  it  excavates  a  deep  trench  on  the  shore 
side  of  the  vessel,  while  that  part  of  the  waves  which  does  not  pass  over 
is  deflected  as  "racers,"  and  rushes  along  the  sea  side  towards  the  stem 
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or  stern,  excavating  a  deep  trench  on  that  side  also.  In  this  way  the 
wreck  is  undermined  on  both  sides  until  it  sinks  below  the  general  level 
of  the  sand,  where  none  but  the  most  violent  storms  can  produce  any 
further  deepening.  Then,  after  the  subsidence  of  such  a  storm,  the 
ordinary  wave  action  which  is  always  transporting  sand  up  on  to  the  sea 
beaches,  tills  these  trenches,  levels  off  the  bottom,  and  all  signs  of  the 
ship  disappear  forever.  As  the  overfall  changes  with  the  wind  during 
the  severe  storms  to  which  jetty  works  are  exposed,  these  trenches  are 
formed  on  each  side  of  them  and  they  do  not  require  to  be  very  deep  to 
undermine  the  jetty. 

As  the  action  of  these  secondary  currents  and  overfalls  on  sandy 
bottoms  are  matters  of  such  everv-day  observation  to  those  who  are 
familiar  with  water  courses,  sea  beaches,  and  harbors,  and  especially 
to  hydraulic  engineers,  the  astonishment  with  which  these  officers 
learned  the  fact  that  "contrary  to  exi^ectation,"  their  long  line  of 
submerged  gabions  was  actually  standing  in  a  very  dilapidated  condition 
in  a  deep  trench,  is  one  of  the  most  amusing  incidents  connected  with 
the  lavish  exi3euditures  which  Congress  has  been  making  for  so  many 
years  to  enable  these  officers  to  acquire  some  practical  knowledge  of 
hydraulic  engineering.  A  few  more  extracts  from  these  official  rei)orts 
will  serve  to  show  a  little  of  the  really  funny  side  of  this  particular 
investment  of  a  half  million  dollars  in  their  supplemental  education 
We  will  first  describe  very  briefly  this  North  Jetty  which  the  sea  so  soon 
buried  beneath  its  sands. 

This  gabionade,  which  extended  nearly  two  miles  out  to  sea,  may  be 
compared  to  a  row  of  huge  bricks  laid  flatwise,  with  their  ends  against 
each  other.  The  gabions  were  made  somewhat  in  the  form  of  a  box, 
twelve  feet  long,  six  feet  deep,  and  six  feet  in  width.  The  frame-work 
was  willow,  and  this  was  plastered  over  with  hydraulic  mortar  to  the 
thickness  of  about  three  inches.  They  were  sunk  on  the  sand,  and 
afterwards  sand  was  pumped  into  them,  and  covers  placed  on  them  to 
keep  it  from  washing  out.  At  one  time  the  wind  drove  the  sea  from  the 
north  over  this  row  of  bricks,  and,  as  a  matter  of  course,  the  overfall  ex- 
cavated a  trench  along  the  south  side  of  it.  When  the  wind  came  from 
the  south,  the  current  was  driven  over  it  in  the  opposite  direction,  and 
excavated  a  trench  on  the  other  side  of  it.  Any  man  not  an  engineer, 
but  familiar  with  the  action  of  currents  on  sand  bars  flowing  over  ob- 
structions, would  have  known  that  this  would  occur,  and  that  four  of 
the  highest  officers  of  the  Engineer  Corps  of  the  Army  should  ajsprove 
of  even  experbnenting  with  such  a  structure  is  one  of  the  most  amazing 
things  in  the  history  of  engineering. 

On  page  G03,  Chief  of  Engineers'  Report,  Part  1st,  for  1879,  will  be 
found  the  following: 

"  They  have  all  settled  quite  uniformly.  This  settlement  during  the 
September  storm  amoimted  to  about  four  feet,  leaving  the  top  of  the 
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galnouatle  but  little  above  the  surface  bottom;  therefore,  the  gal)ionsof 
this  line  will  hereafter  be  placed  upon  mats.  Work  was,  therefore,  con- 
fined to  the  extension  of  the  Bolivar  pier  gabionade  over  the  outer  bar 
(North  Jetty) ;  354  gabions  were  sunk  during  the  year,  leaving  at  its 
-close  a  gabionade  over  the  outer  bar  7  332  feet  in  length  *  *  * 
Work  was  suspended  December  1,  1877,  and  not  resumed  until  June, 
1878.  *  *  *  There  were  a  large  number  of  gabions  left  on  hand 
which  were  used  in  construction  of  the  gabionade  when  work  was  re- 
>iumed.     Of  these,  121  were  washed  away  during  the  past  year. " 

Major  Howell,  in  the  same  volume,  page  911,  says,  "at  the  close  of 
the  year  it  was  ascertained  that  the  gabions  with  mats  had  sunk  as  much 
as  those  without,  but  not  so  rajjidly." 

The  Chief  of  Engineers,  General  Humphreys,  October,  1879,  informs 
Congress  that  the  surveys  of  the  oflScer  in  charge.  Major  Howell,  "do 
not  show  any  change  on  the  outer  bar  that  can  be  attributed  to  the 
7  332  feet  of  gabionade  then  built."  As  the  first  4  000  feet  had  already 
sunk  their  full  depth  into  the  sand,  and  the  gabions  with  mats  under 
them  had  sunk  as  much  as  those  withoiit,  this  statement  of  the  Chief  of 
Engineers  is  remarkably  "child-like  and  bland." 

Major  Howell  says  on  page  911  of  the  same  vohime:  "The  amount 
•of  sinking  ranged  from  three  to  seven  feet,  and,  contrary  to  expectation 
the  gabions  did  not  become  covered  with  sand,  but  remained  standing  in 
a  trench  and  entirely  uncovered."  That  is  the  entire  7  332  feet  of  the 
North  Jetty  which  Col.  Mansfield,  Col.  Merrill  and  General  Newton 
assured  Congress  had  never  been  located,  had  by  this  overfall  action  of 
the  cuiTent  been  lowered  down  level  with  the  original  sand  bar  on 
which  it  was  built,  into  a  deep  trench.  On  page  109  of  this  volume,  the 
Chief  of  the  Corps  informs  Congress  that  "  siirveys  of  the  outer  bar  do 
not  show  any  change  that  can  be  attributed  to  the  influence  of  the  gabi- 
■onade,  and  that  such  change  cannot  be  expected  until  it  is  extended 
further  out^ 

This  remark  of  the  head  of  the  corps  will  excite  the  risibles  of  every 
engineer  who  reads  it;  nevertheless,  as  he  recommended  it,  the  requisite 
funds  were  voted  by  Congress,  and  the  exjjensive  farce  was  continued 
initil  this  experimental  North  Jetty  extended  out  10  220  feet  from  the 
shore  (see  page  1225,  Eeport  of  1880). 

Can  anything  be  more  suggestive  of  the  value  of  tentative  engineer- 
ing? Imagine  four  of  the  oldest,  ablest  and  most  astonished  officers  of 
the  Corps  of  U.  S.  Engineers,  sitting  in  earnest  consultation  over  this 
incon-igible  and  moribund  North  Jetty,  that  was  never  located!  And 
two  of  these  were  authors,  too,  of  elaljorate  treatises  on  the  jetty  system, 
for  the  full  text  of  which  see  Chief  of  Engineers'  Rei:)ort,  1874,  pages 
833  to  887;  also  Appendix  M,  page  678,  Physics  and  Hydraulics  of 
Mississipiji  River,  Humphreys  and  Abbot. 

The  six  army  students  engaged  in  the  study  of  tentative  engineering 
at  Galveston  included  the  then  chief  of  the  corps;  the  last  chief  of  the 


312  DISCUSSION    ON    THE    SOUTH    PASS   JETTIES. 

corps;  the  present  chief  of  the  corjDs;  the  oldest  member  of  the  corjis; 
the  original  inventor  of  the  gabionade  and  submerged  jetty  and  out- 
let system,  and  the  author  of  a  new  method  of  estimating  the  cost 
of  public  works,  designed  esijecially  for  the  use  of  Congress.  The 
Senate  Committee,  in  their  rejoort  on  Bill  1652,  declares  that  this  gabi- 
onade exjjeriment  cost  $527  000,  and  $975  000  more  was  exj^ended  on  the 
second  experiment,  viz. :  in  building  a  brush  and  stone  jetty  that  shrunk 
to  half  its  height  within  a  year  after  its  completion.  And  these  failui-es 
occurred  after  having  all  of  the  erudition  contained  in  the  treatises  of 
Generals  Humphreys  and  Newton  on  the  jetty  system  to  instruct  them ! 
Eminently  successful  jetty  works  too  were  within  300  miles  of  them! 
With  these  extraordinary  advantages,  these  tentative  students  actually 
failed  to  learn  in  ten  years  that  excessive  widths  between  jetties;  oj)en- 
ings  in  them  to  facilitate  the  tidal  flow;  submerged  jetties;  and  jetties 
that  stoji  in  shallow  water  on  toj)  of  the  bar,  are  each  and  all  a  violation 
of  the  very  essence  of  the  jetty  system.  The  official  quotations  I  have 
given,  show  conclusively  that  these  four  important  facts  were  totally  un- 
known to  them  until  I  pointed  them  oixt  to  the  Congressional  Commit- 
tees in  1884.  And  now,  after  a  patient,  confiding  and  generous  Gov- 
ernment has  given  them  about  a  quarter  of  a  million  dollars  more  than 
their  original  estimate  of  1874  for  the  entire  work  (see  page  735,  Report 
of  1874),  it  does  seem  a  little  ungrateful  on  the  part  of  Gen.  Newton  and 
these  two  Colonels  to  iipbraid  it,  even  in  respectful  language,  for  not 
making  the  appropriations  for  these  absurd  experiments  more  rajjidly. 
The  failure  of  "the  official  plan  "  is  all  owing  to  dilatory  approi^ria- 
tions,  and  that  of  the  gabionade  is  put  ujion  poor  Major  Howell. 
"  Alas  for  the  rarity  of  Christian  charity  under  the  sun." 
General  Newton,  defending  the  "  tentative  process,"  and  as  an 
apology  for  the  slight  deepening  claimed  at  Galveston,  says  in  his 
Eejjort  (1884)  to  the  House  Committee:  "You  will  not  find  in  the 
whole  world  an  engineer  who  could  calculate  within  a  foot  or  two 
what  the  efi'ect  of  the  jetties  at  Galveston  would  be,  while  the  very 
attempt  to  do  so  would  probably  prove  that  the  j^erson  was  incompe- 
tent." 

Never  was  a  gallant  soldier  more  cleverly  "hoist  with  his  own 
petard,"  as  the  reader  will  see  by  turning  to  pages  844-5  of  the  Re- 
port of  Chief  Engineers,  1874,  where,  in  his  elaborate  essay  before 
mentioned,  intended  to  defeat  my  proposal  to  deepen  the  mouth  of  the 
Mississippi,  Gen.  Newton  not  only  calciilated  "  within  afoot  o?' tivo  what 
the  eifect  of  the  jetties  would  be"  at  each  mouth  of  the  river,  but  car- 
ried his  numerical  studies  to  such  a  nice  point  that  he  actually  foretold 
it  to  the  fraction  of  a  foot.  The  annual  rate  of  shoaling  which  would 
occur  in  case  they  were  apjjlied  to  either  i^ass,  he  found  by  arithmetic 
to  be  1  foot  at  Southwest  Pass,  2.16  feet  at  Pass  a  I'Outre,  and  3i  feet  at 
the  South  Pass.    The  annual  rate  of  bar  advance  at  each  jjass  under  the 
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stimulating  eflPect  of  the  jetties  was  also  eareftilly  eipbered  out  by  liim 
"witliin  a  foot,"  and  was  found  to  be  for  each  of  the  three,  1014  feet, 

1  208  feet,  and  2  240  feet,  respectively.  Of  the  South  Pass  he  said: 
"Its  narroAV  width  between  jetties,  only  660  feet,  would  soon  be  coii- 
SKmed  h>/  the  conrergence  necessary  to  keep  up  the  scour."  That  is, 
the   jetties  were   to  give  it  the  galloping   consiimption  at  the  rate  of 

2  240  feet  a  year.  He  said  also,  "the  Pass  at  the  present  time  (11 
vears  ago)  is  hanging  between  the  conditions  of  a  live  ]3ass  and  a  stag- 
nan  f  ditch,  to  the  last  of  which  results  it  must  arrive  if  a  revolution  in 
the  delta  does  not  redeem  it.  And  this  most  probable  fate  will  be 
precipitated  by  apjjlying  the  jetty  system  to  its  mouth." 

The  jetties  were  applied  to  its  mouth,  and  according  to  Gen.  New- 
ton's calculations  they  would  now  need  to  be  extended  over  two  and 
a  half  miles  beyond  their  present  terminals,  or  else  the  channel  would 
be  twenty-two  and  a  half  feet  shoaler  than  it  was  six  years  ago  when  we 
first  secured  30  feet  through  it.  As  they  have  not  had  to  be  extended, 
but  are  300  feet  shorter  than  they  were  originally  designed,  and  as  the 
channel  is  better  and  deeper  than  ever,  it  nevertheless  has  not  "proved 
that  the  person  was  incompetent "  who  made  these  calculations.  If  he 
had  been  a  civil  engineer  it  would  undoubtedly  have  i^roved  him  very 
ineomj^etent,  and  peojile  having  their  own  money  to  spend  and  know- 
ing this,  would  not  have  been  likely  to  select  him  to  plan  their  harbor 
works.  Biit  the  case  is  quite  different  with  military  engineers  whom 
the  Government  is  anxious  to  have  instructed  in  these  matters,  so  as  to 
save  the  country  the  exj^ense  of  emisloying  civil  engineers  except  as 
subordinates  to  them.  Yet  this  is  the  only  civilized  nation  in  the 
world  that  jjlaces  its  hydraulic  works  under  the  charge  of  its  mili- 
tary engineers.*  Other  countries  have  not  yet  imitated  us  in  it, 
as  they  have  doubtless  seen  that  most  of  the  money  exjjended  by  the 
United  States  has  been  paid  for  experiments  designed  to  give  to  the 
officers  in  charge  "a  much  needed  light  "  (as  Gen.  Newton  frankly  ex. 
pressed  it)  in  this  kind  of  work.  It  is  probable  that  the  immense  sum 
spent  in  the  futile  effort  to  jjrevent  the  caving  of  the  river  banks  at 
New  Orleans,  with  exaggerated  window  screens,  made  with  hand- 
woven  fishing  canes,  and  hung  with  sand  bags,  would  have  paid  the 
salaries  of  half  a  dozen  competent  civil  engineers  for  five  years,  and 
have  prevented  this  expensive  illustration  of  experimental  or  tentative 
engineering.  The  cost  of  the  ever-memorable  Galveston  gabionade 
would  have  paid  for  a  bureau  of  competent  civil  engineers  until  the 
advent  of  the  20th  centiiry.  Scores  of  these  expensive  and  unsuccess- 
ful exijeriments  made  at  the  Government  expense,  can  be  found  by 
examining  the  Official  Reports  of  the  Chief  of  Engineers  during  the  last 

*Mr.  Cortbell  has  in  this  discussion  shown  by  the  letter  of  James  Forrest,  Esq.,  Sec.  of 
the  Institution  of  Civil  Engineers  in  London,  that  Col.  Merrill  was  mistaken  in  his  state- 
ment that  military  engineers  in  England  are  employed  on  such  works. 
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iwo  decades,  but  they  liave  not  proved  any  incompetency  yet.  If 
these  jetty  calculations  had  proved  this  officer  incompetent,  a  wise 
government  would  not  have  placed  him  afterwards  at  the  head  of  his 
<;orps,  in  supreme  chai'ge  of  all  the  harbor  improvements  of  the  United 
States.  He  is  now  chief  adviser  of  the  Government  on  all  questions  of 
hydraulic  engineering,  and  the  members  of  the  advisory  board  of  Gal- 
veston Harbor  under  him  still  have,  as  they  have  had  for  many  years, 
more  or  less  direct  or  supervisory  control  over  all  of  our  seaboard 
harbor  works. 

The  sequel  has  proved  that  the  calculations  and  predictions  of  these 
officers  resi^ecting  the  South  Pass  and  its  jetties  were  simply  absurd 
professional  mistakes,  and  that  if  their  advice  had  been  followed,  enor- 
mous exijenditures  for  an  unfinished  canal  would  have  been  made, 
while  the  immense  commercial  benefits  which  the  jetties  have  conferred 
upon  the  whole  country  for  the  past  six  years  would  have  been  un- 
known. The  gravity  of  these  errors  has  been  intensified  by  the  failure 
at  Galveston,  where  the  mistaken  theories  which  led  to  them  have  been 
tenaciously  adhered  to  until  this  day,  notwithstanding  the  practical 
demonstration  which  the  South  Pass  Jetties  gave  six  years  ago  of  their 
■unsoundness.  In  the  whole  history  of  this  Government  in  its  dealings 
with  the  officers  of  the  army,  there  is  nothing  in  such  prominent  con- 
trast as  its  treatment  of  the  errors  of  the  officers  of  the  Engineer  Corps 
and  those  of  the  other  corps  of  the  army.  Mistakes  or  lack  of  judg- 
ment on  the  field  in  the  heat  of  the  contest,  when  time  for  investigation 
and  deliberation  could  not  be  had,  have  been  i-ewarded  with  courts 
martial,  loss  of  pay,  of  rank,  or  disgrace  ;  whilst  notwithstanding  abso- 
lutely inexcusable  and  frequent  blunders  made  by  several  of  the  officers 
of  the  Engineer  Corps  after  abundant  time  for  investigation,  and  involv- 
ing immense  loss  of  public  money  and  vexatious  delays  to  great  and 
much  needed  improvements,  they  have  been  rewarded  with  jjromotions, 
a  continuance  of  official  confidence,  and  the  disbursement  of  still  more 
lavish  appropriations. 

Colonel  Merrill  says  :  "It  seems  to  me  that  a  wise  and  prudent  en- 
gineer, dealing  with  such  a  difficult  problem  as  the  imjirovement  of  a 
liarbor  on  a  sandy  shore,  should  proceed  cautiously,  feeling  his  way  by 
degrees,  prejaared  to  change  his  plans  whenever  their  effect  seemed 
unfavorable."  This  course  would  cei'tainly  be  the  way  a  wise  and  pru- 
dent engineer  should  proceed  if  he  were  not  familiar  with  the  laws 
involved  in  the  i^roblem.  Here  we  are  mutually  agreed.  He  con- 
tinues :  "I  am  disposed  to  lielieve  that,  as  a  rule,  jetties  should  be 
above  the  level  of  the  sea  ;  *  *  *  but  in  spite  of  this  belief  I  should 
certainly  try  first  to  build  two  submerged  jetties,  and  see  how  they 
worked,  because  it  is  quite  possible  that  one  or  "the  other  might 
require  removal."  This  is  quite  possible.  At  all  events,  one  Avho 
knows  nothing  about  such  problems  "  should  jiroceed  cautiously."     If 
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the  Government  woultl  utilize  its  army  surgeons,  and  put  them  in 
charge  of  our  harbor  works,  the  wise  and  prudent  ones  would  proceed 
with  like  caution,  and  no  doubt  a  success  would  attend  them  quite 
equal  to  that  which  has  resulted  from  the  ten  years  of  labor  and  the 
million  and  a  half  exiJended  at  Galveston.  I  do  not  believe,  however, 
that  the  surgeon  would,  when  called  on  to  ami)utate  a  man's  leg, 
adopt  the  tentative  system;  and,  "  feeling  his  way  by  degrees,"  cut  ofi"  a. 
little  of  it  to-day  and  a  little  more  tomorrow;  "  jjrepared  to  change 
his  plans  "if  he  found  he  had  got  hold  of  the  wrong  leg,  and  feared 
that  "the  other  might  require  removal."  Nor  do  I  think  that  the 
Chief  of  Engineers,  or  Colonel  Merrill,  would  proceed  on  the  tentative 
system  if  required  to  construct  such  fortifications  as  would  check  or 
turn  the  course  of  a  victorious  and  advancing  foe.  No  one  in  the  land 
would  feel  more  certain  than  I  should,  that  either  one  of  these  two 
accomplished  military  engineers  would  make  a  i^erfect  success  of 
such  work,  and  that  neither  would  hesitate  for  a  moment,  after  a 
jiroper  study  of  the  location,  as  to  the  construction  and  position  of 
every  detail  of  it  from  moat  to  citadel.  But  it  is  little  short  of 
cruelty  on  the  part  of  the  Government,  to  impose  upon  its  gallant  and 
worthy  military  oflScers  such  problems  as  are  presented  in  the  im- 
provement of  our  rivers  and  harbors,  and  Avhicli  require  long  and 
l^ractical  familiarity  with  the  forces  and  phenomena  developed  by 
waves,  tides  and  currents,  to  insure  their  economic  and  successful  solu- 
tion. Our  naval  officers  could  be  educated  to  master  such  problems  at 
much  less  exi3ense,  and,  I  believe,  far  more  successfully.  An  amphibi- 
ous idiosyncrasy  is  rarely  met  with  in  the  army.  Without  it  the  army 
engineer  will  be  a  failure  as  an  hydraulic  engineer,  and  when  put  at 
it  by  au  injudicious  government,  will  run  great  risk  of  having  his 
laurels  transformed  into  sea-weeds.  If  Todleben  himself  had  been  put 
in  charge  of  Galveston  Harbor  ten  years  ago,  instead  of  the  defenses  of 
the  Crimea  or  Balkans,  he  would  probably  have  made  as  miserable  a 
failure  of  it,  and  as  costly  an  experiment  to  the  Government,  as  the 
four  highest  officers  of  the  Engineer  Corps,  and  their  two  subordinates, 
have  made  at  Galveston. 

"  One  science  only,  will  one  genius  fit, 
So  vast  is  art,  so  narrow  human  wit." 

Appendix. 

IIepobts  of  Genekal  Ne-rton  and  Colonel  Mansfield,  submitted  to 

THE  Senate  Committee  on  Commerce  in  March,  1881,  on  Senate 

Bill  1G52. 

Note. — The  following  reports,  to  which  reference  is  made  under  the 

heading  of   "  Cost  of  the  Nokth  Jetty,"  in  the  text,  are  added  as  an 

Appendix,  because  they  do  not  appear  in  the  Annual  Report  of  the 

Chief  of  Engineers.     The  portion  of  these  reports  sustaining  the  asser- 
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tions  made  by  me,  under  the  above  heading  in  the  preceding  review, 
have  been  italicised  by  me.  Jas.  B.  Eads. 


War  Department, 
Washington  City,  March  29th,  1884. 

Sir, — In  returning  herewith  Senate  Bill  No.  1652,  a  "  Bill  to  Provide 
for  the  Improvement  of  the  Channel  between  Galveston  Harbor  and  the 
Gulf  of  Mexico,"  which,  with  others,  was  referred  from  the  Committee 
on  Commerce  for  information,  and  for  the  views  of  this  department 
thereon,  I  have  the  honor  to  state  that  the  subject  was  referred  to  Major 
S.  M.  Mansfield,  Corps  of  Engineers,  in  charge  of  the  improvement  of 
Galveston  Harbor,  and  to  inclose  herewith  a  copy  of  his  report  dated 
the  19th  instant,  which  contains  much  information  upon  the  subject  in 
question. 

I  inclose  also  the  report  of  the  Chief  Engineer  submitting  Major 
Mansfield's  report  to  this  department,  and  beg  to  invite  especial  atten- 
tion to  his  views  as  therein  presented. 

Very  respectfully,  your  obedient  servant, 

Eob't  T.  Lincoln, 
Hon.  S.  J.  R.  McMillan,  Secretarij  of  War. 

Cliairmaii  Commiltee  on  Commerce, 

United  States  Senate. 


Office  of 
Chief  of  Engineers  United  States  Army, 
Washington,  D.  C,  March  27th,  1884. 
Hon.  Egbert  T.  Lincoln, 

Secretary  of  War. 

Sir,— Senate  Bill  1652,  Forty-eighth  Congress,  First  Session,  "To 
Provide  for  the  Imjarovement  of  the  Channel  between  Galveston  Harbor 
and  the  Gulf  of  Mexico,"  referred  to  this  office  on  the  6th  instant,  is 
herewith  I'espectfully  returned.  It  was  referred  from  this  office  to  Major 
S.  M.  Mansfield,  Corps  of  Engineers,  in  charge  of  the  improvement  of 
Galveston  Harbor,  who  has  made  a  report  thereon,  copy  submitted,  to 
which  attention  is  invited. 

The  bill  in  question  is  drawn  in  favor  of  James  B.  Eads  and  asso- 
ciates, as  the  proposed  constructors  of  works  for  the  purpose  of  obtain- 
ing an  increased  depth  in  the  channel  between  the  Gulf  and  the  Harbor 
of  Galveston. 

This  bill  provides  for  the  payment  of  $7  750  000  to  the  said  Eads  and 
associates  for  the  construction  of  said  works,  and  for  obtaining  a  nav- 
igable channel  at  least  30  feet  deep,  when  measured  at  mean  high  tide. 
Section  5  also  provides  for  the  payment  of  SlOO  000  annually  for  a 
period  of  ten  years  for  the  maintenance  of  the  cliannel. 

For  the  first  2  additional  feet  of  depth  obtained  in  the  channel,  Mr. 
Eads  and  associates  are  to  receive  S2  000  000— that  is,  $1  000  000  for 
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•each  additional  foot,  and  for  each  additional  foot  until  the  depth  of  30 
feet  be  obtained,  a  smaller  and  varying  rate  of  payment,  and  when  said 
depth  is  obtained  such  sum  of  money  shall  be  paid  as  shall,  when  added 
to  the  amounts  before  paid,  make  up  the  sum  of  ^7  250  000.  The  re- 
maining ^500  000  of  the  total  compensation  for  obtaining  the  full  depth 
of  30  feet  in  the  channel,  shall  be  deemed  to  have  been  gained  by  said 
Eads  and  his  associates,  but  the  same  shall  remain  in  the  possession  of 
the  Government  for  a  period  of  ten  years,  and  during  this  i?eriod  they 
shall  be  entitled  to  interest  at  the  rate  of  4  per  centum;  and  if  they  shall 
liave  maintained  that  depth  for  the  full  period  of  ten  years,  they  shall 
receive  the  retained  sum  of  !5500  000,  making  a  total  (exclusive  of  inter- 
est and  of  ^1  000  000  for  maintaining  the  depth  of  30  feet  for  the  ten 
years),  of  $7  750  000.  This  much  for  the  proposed  relation  of  Mr.  Eads 
and  his  associates  to  this  improvement. 

It  is  supposed  that  the  main  reliance  of  the  parties  seeking  this  con- 
tract will  be  ujion  the  effect  of  jetties  in  obtaining  improved  depths  at 
the  entrance  of  rivers  and  other  bodies  of  water  emptying  into  the 
ocean.  The  effects  of  these  constructions  under  the  varying  circum- 
stances in  which  they  may  be  applied,  are  well  known  to  those  engineers 
who  have  been  engaged  in  the  improvement  of  bars.  Congress  at  an 
early  date  in  1825  commenced  the  grant  of  appropriations  for  construct- 
ing jetties  on  the  lake  coast,  which  were  expended  under  the  direction 
of  the  United  States  engineers  with  great  benefit  to  navigation. 

The  mode  of  improvement  at  Galveston  has  been  reported  upon  by 
boards  of  engineers  in  1871-75,  1876-80,  and  two  jetties,  a  south  and 
north,  were  recommended  as  necessary,  and  this  view  has  been  since 
held  without  a  change  by  this  oflfiee. 

Up  to  the  present  moment  but  one  jetty  has  been  constructed  by 
Colonel  Mansfield,  viz. :  the  South  Jetty — but  a  slight  imjarovement  of 
depth  is  claimed,  and  the  cause  becomes  manifest  from  a  casual  inspec- 
tion of  the  chart,  which  indicates  very  clearly  the  necessity  for  the 
additional  construction  of  the   North  Jetty. 

Colonel  Mansfield  states  that  3975  000  has  been  expended  upon  the  con- 
struction of  the  South  Jettfi,  and  tluit  the  construction  of  the  North  Jetty  xcill 
cost  .§700  000.  That  this  construction  will  give  more  than  an  additional 
2  feet  of  depth  in  the  chauuel  connecting  the  Harbor  of  Galveston  with 
the  Gulf,  is  entirely  certain. 

The  case  can  be  pAainli/  stated  as  follons:  Colonel  Mansfield,  u'ith  the 
expenditure  of  3700  000  and  two  seasons'  icorh,  will  obtain  an  increase  of 
depth  exceeding/  2  feet,  ami  proliahhj  reach  infi  5  feet  or  6  feet,  while  Mr. 
Eads  and  associates  promise,  after  a  period  of  two  years  and  eight 
months  after  the  passage  of  this  bill,  to  gain  2  feet  in  depth  for  an  ex- 
penditure on  the  part  of  the  Government  of  32  000  000. 

It  is  hard  to  understand  how  the  existence  of  the  South  Jetty,  but 
just  now  constructed  by  the  Government,  and  which  can  be  made  an 
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important  factor  in  obtaining  an  early  and  marked  increase  in  depths 
shonld  have  been  entirely  ignored  in  this  bill. 

The  North  and  Soufh  Jetties  placed  according  to  the  official  plan,  can,  h\f 
fiCriher  extension  into  deep  water,  and  by  the  construction  of  auxiliarif 
works,  if  needed,  he  made  to  develop  cdl  the  depth  of  channel  which  the 
nature  of  the  loccdity  will  admit. 

In  conclusion,  the  present  moment  appears  i^remature  for  the  j^as- 
sage  of  the  bill  in  question,  and  it  is  thought  to  be  contrary  to  sound 
policy  to  interfere  with  the  progress  of  the  works  at  Galveston,  which 
are  now  so  far  advanced  that  every  additional  dollar  expended  may  mark 
an  increased  depth  in  the  channel.     Should  Congress  be  resolved  to 
make  a  change  in  the  administration  of  this  work,  at  least  it  will  be  for 
the  interests  of  the  sei'vice  to  await  the  construction  of  the  North  Jetty, 
and  the  observation  of  its  ettects,  which  will  lead  to  the  possession  of 
facts  and  data  calculated  to  throw  a  needed  light  upon  the  amount 
necessary  to  be  expended  for  obtaining  a  i^roper  depth  on  the  bar. 
Very  respectfully,  your  obedient  servant, 
John  Newton, 
Chief  of  Engineers,  Brigadier  and  Brei-et  Major-Genercd. 


United  States  Engineers'  Office, 
Hendley  BuiijDing,  Galveston,  Texas,  March  18th,  1881. 
To  the  Chief  of  Engineers  United  States  Army,  Washington,  D.  C. 

GENEKAii, — Senate  Bill  1652,  to  provide  for  the  improvement  of  the 
channel  between  Galveston  Harbor  and  the  Gulf  of  Mexico,  referred  to 
me  to  report  by  first  indorsement  on  wrapper  from  your  office,  ia  hereby 
returned,  and  I  have  the  honor  to  submit  the  following,  beginning  with 
a  brief  history  of  the  work : 

First. — The  first  appropriation  for  the  improvement  of  Galveston 
Harbor  was  made  in  1870.  This  and  the  two  succeeding  appropriations, 
amounting  in  all  to  S76  000,  were  expended  in  plant  for  dredging  the 
inner  bar  and  building  and  strengthening  the  pile  breakwater  before  any 
plan  for  the  improvement  of  the  harbor  had  been  inaugurated.  This 
work  eff"ected  a  deepening  of  about  3  feet  on  the  inner  bar. 

Second. — First  appropriation  for  the  improvement  of  the  harbor 
after  adoption  of  a  j^roject  was  made  in  1874,  and  work  was  commenced 
on  the  Fort  Point  Gabionade  in  September  of  that  year,  and  was  con- 
tinued until  June,  1877,  having  expended  for  all  purposes  the  sum  of 
$282  000,  with  the  result  of  effecting  an  additional  permanent  increase 
of  8J  feet  in  the  depth  on  the  inner  bar. 

Third. — Work  for  the  improvement  of  the  outer  bar  was  commenced 
in  April,  1877,  by  the  commencement  of  the  construction  of  the  Bolivar 
Gabionade.  This  work  was  continued  until  November,  1879,  when  it 
was  abandoned  before  reaching  the  bar  and  without  appreciable  results, 
having  expended  upon  it  for  all  purijoses  the  sum  of  $245  000. 
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Fourth. — Worl:  tuider  the  present  jihtn  teas  commenced  in  Jttli/,  1880, 
in  the  construction  of  the  South  Jettt/.  Upon  this  work,  with  the  exhaustion 
of  the  small  amount  now  remaining,  there  will  have  been  expended  for  all 
purposes  the  stnn  of  $975  000,  includinfi  $100  000  donated  by  the  City  of 
Galveston.  This  sum  accomplished  the  building  of  a  jetty  4^  miles  long, 
and  varying  in  height  from  2^  to  14:  feet.  There  resiilted  from  this  work, 
two  and  one-half  years  from  the  date  of  its  commencement,  an  increased 
depth  of  2  feet  on  the  outer  bar,  which  has  been  maintained  up  to  the 
present  time.  There  has  also  been  an  increased  depth  on  the  inner  bar 
due  to  this  work.  On  the  site  of  the  inner  bar  there  is  now  a  least  depth 
of  25  feet  where  there  was  but  11  ^  feet  in  1875,  after  the  great  storm  of 
that  year.  A  shoal  in  the  channel  has  formed  since  the  inner  bar 
improvement,  inside  the  bar,  with  a  depth  of  but  18j  feet  upon  it. 
But  this  is  due  to  the  decay  of  the  pile  breakwater,  which,  when  in  re- 
pair, prevented  the  sand  from  drifting  across  the  point  into  the  channel. 
Fifth. — An  increase  of  only  two  feet  on  the  outer  bar  at  first  view  seems 
very  little,  considering  the  magnitude  of  the  work  accomplished,  and  to 
some  may  raise  a  doubt  as  to  the  ultimate  success  of  the  work;  but  a 
careful  study  of  the  changes  continually  going  on,  and  the  causes  which 
produce  them,  will  explain  why  there  has  been  no  greater  increase,  and 
also  furnish  the  proof  of  the  ultimate  success  of  the  work.  The  efficient 
causes  which  are  producing  constant  changes  upon  the  bar  are  : 

1.  The  ebb  and  flow  of  the  tides. 

2.  The  littoral  current. 

3.  The  translatory  power  of  the  seas  from  the  Gulf. 

The  average  duration  of  the  ebb  current  spring  tides  is  about  six 
hours;  that  of  the  flood  current  and  slack  water  about  eighteen  hours. 

The  littoral  current  flows  with  varying  strength  in  a  direction 
parallel  to  the  shore  line  either  east  northeast  or  west  southwest,  but 
its  prevailing  direction,  and  the  one  in  which  it  has  the  greatest 
strength,  is  west  southwest. 

The  facts,  then,  are  as  follows :  The  axis  of  scour  due  to  the  ebb 
current,  unaftected  by  other  forces,  would  be  in  line  of  the  axis  of 
Bolivar  channel.  But  the  South  Jetty,  not  being  of  sufficient  height  to 
prevent  the  water  from  flowing  over  it,  the  littoral  current  deflects  the 
axis  of  scour  either  to  the  north  or  south,  and  by  an  amount  propor- 
tional to  the  relative  strengths  of  the  two  currents.  It  will  thus  be  seen 
that  the  axis  of  scour  is  continually  shifting,  and  hence  no  concentration 
of  energy.  During  slack  water  the  littoral  current  flows  along  the  bar 
approximately  at  right  angles  to  the  axis  of  scour  during  the  ebb,  and 
drifts  the  sand  into  any  depressions  which  may  have  been  produced  by 
the  previous  ebb.  This  drifting  sand  is  banked  against  the  north  side 
of  the  South  Jetty,  and  thus  tends  continually  to  obliterate  the  Jetty 
channel.  The  overflowing  water  on  the  other  hand  has  excavated  a  deej) 
trench  along  the  south  face  of  the  Jetty.    The  amount  of  deepening  due 
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from  this  overflow  varies  from  four  to  eight  feet,  and  remains  perma- 
nent. A  similar  result  followed  the  construction  of  the  Bolivar 
Gabionade,  the  Brazos  Ridge  and  Aransas  Jetties.  In  each  case  a  deep 
trench  was  developed  along  the  south  side,  showing  the  same  cause, 
producing  the  same  eflfect  in  each  instance. 

The  eflect  of  the  flood  tide  upon  the  bar  is  probably  very  small,  un- 
affected by  other  forces.  It  flows  toward  the  gorge  in  lines  natural  to 
the  crest  of  the  bar,  and  hence  is  wanting  in  concentration,  so  essential 
to  beneficial  results.  The  effect  of  the  sea  is  to  heap  up  the  sand  upon 
the  crest  of  the  bar,  and  push  it  in  toward  the  gorge. 

Sixth.  — A  k)w  trledije  of  llie  causes  and  their  effects  in prodiicijig  the  chmges 
enumerated  above,  enables  us  to  give  to  the  North  Jetty  such  a  form  and  loca- 
tion as  will  utilize  to  the  fullest  extent  the  forces  essential  to  the  accom- 
jylishmeni  of  deep  water  across  the  bar,  in  accordance  with  the  plan  alreadi/ 
adopted. 

To  this  end  we  u-ould  give  the  .Jetty  the  form  of  a  curve,  concave  toward 
the  channel,  whose  radius  is  23  000  feet.  The  tangent  of  this  curiie  at  its  river 
end  should  coincide  with  the  twelve  foot  contour  on  the  north  side  of  Bolivar 
channel,  and  its  inner  end  should  be  abreast  the  tioenty-seven-foot  depth  in 
that  channel.  The  outer  end  should  extend  to  the  twenty-foot  contour.  This 
would  give  it  a  length  of  14  34:0  feet,  and,  on  the  basis  of  the  cost  of  the  South 
Jetty,  can  be  built  tii-elve  feet  high  for  the  sum  of  ^700  000.  By  commenc- 
ing at  the  outer  end,  and  constructing  that  portion  upon  the  shoalest 
part  of  the  bar  first,  we  would  accomplish  results  which  would  at  once 
increase  the  available  navigable  depth  across  the  bar. 

Seventh. — It  is  plain  to  see  what  eflect  such  Jetty  would  have.  The  sand, 
drifted  along  by  the  littoral  current,  would  be  banked  up  against  the 
north  side,  and  the  overfall,  due  both  to  the  littoral  current  and  the  flood 
current,  would  excavate  a  deep  trench  along  its  channel  face.  The  ebb 
current  would  be  directed  into  a  single  channel  along  the  concave  face 
of  the  Jetty,  and  would  be  concentrated  in  such  a  manner  as  to  exert  its 
maximum  eftbrt  upon  the  immediate  crest  of  the  bar,  and,  in  accordance 
with  the  universal  law  that  deep  water  always  exists  in  the  concave 
bends  of  flowing  streams,  we  should  expect  as  great  a  depth  along  the 
face  of  this  Jetty  as  in  the  straight  channel  abreast  its  inner  end.  This 
form  and  location  would  also  be  effectual  in  protecting  the  channel  from 
east  and  northeast  storms,  and  by  extending  it  gulfward  on  the  curve 
proposed,  together  with  the  extension  of  the  South  Jetty,  any  desired 
contraction  of  the  outer  ends  can  be  obtained. 

Under  the  present  system  of  work,  adopAed  at  the  close  of  the  year  1880, 
the  estimate  for  the  entire  completion  of  the  tico  Jetties  for  confining  the  out- 
flow^ of  Galveston  Bay,  looking  to  obtaining  twenty-five  feet  of  water,  were: 
For  the  South  Jetty,  $1  080  448;  for  the  North  Jetty,  ^658  525;  for  plant, 
$40  000,  and  contingencies,  $46  840,  making  a  total  of  $1  825  813.  These 
estimates,  as  stated,  were  made  upon  the  supposition  that  the  loorJc  would  be 


DISCUSSION    ON   THE   SOUTH    PASS   JETTIES.  321 

continuous,  and  $500  000  was  the  sum  aslced  for  annualbj.  A  little  oi^er 
three  years  would  then  have  been  required  for  the  entire  completion  of  the 
work.  Tlie  only  criticism,  then,  to  he  made  upon  the  work,  is  that  the  appro- 
priations have  been  insufficient  in  amount  to  permit  its  completion  within  the 
specified  time.  The  South  Jetty  ha^  been  completed  for  the  sum  already 
appropriated,  the  plant  is  uoir  in  haml,  and  we  have  the  experience  that  will 
cei'taiidy  enable  us  to  comjilete  the  North  Jetty  within  the  estimate,  and  still 
leave  a  margin  for  dredging  to  facilitate  the  scour  if  it  should  be  found  neces- 
sary or  desirable  to  hasten  it;  and  not  over  tivo  seasons  will  be  required  for 
the  e.vpenditure  of  this  money,  and  it  is  reasonable  to  e.vpect  by  that  time  will 
be  solved  the  vexed  question  of  deep  water  on  Galveston  Bar. 

Now,  what  is  proposed  by  the  bill  under  consideration?  No  plan  of 
operations  is  submitted  in  it.  The  Government  is  asked  to  furnish  Mr. 
Eads  with  a  survey  of  the  harbor  upon  which  it  is  supposed  plans  will 
be  perfected.  It  is  inferred  from  the  mention  of  jetties,  etc.,  that  the 
same  system  of  contracting  the  outflow  between  jetties  that  is  now  in 
progress,  is  to  be  followed  by  Mr.  Eads.  Eight  months  are  allowed  him 
in  which  to  begin  operations,  and  twenty-four  months  more  are  allowed 
him  in  which  to  put  two  feet  more  water  on  the  bar,  for  which  the 
Government  is  to  pay  $1  000  000  per  foot,  thus  providing  for  an  addi- 
tional two  feet  of  water  in  two  years  and  eight  months  time  from  the 
passage  of  the  bill.  Upon  the  obtaining  of  another  foot  of  water  the 
Government  is  to  pay  ^500  000,  and  the  next  foot  S500  000,  and  so  on 
during  sixteen  years,  in  which  Mr.  Eads  is  allowed  to  i^ut  thirty  feet  of 
water  on  the  bar  at  high  tide.  The  only  guarantee  that  the  work  will 
be  carried  out  is,  that  the  Government  may  at  any  time  annul  the  con- 
tract by  Special  Act  of  Congi'ess.  In  other  words,  the  Government  is  to 
commit  itself  to  the  payment  of  %1  750  000  during  the  ne.vt  sixteen  years,  for 
about  what  the  Government  can  secure  by  continuing  the  present  work  during 
the  ne.rt  two  years  for  ^750  000— a  work  to  which  it  is  already  committed. 
What  is  to  be  gained  by  this  procedure  I  am  unable  to  say.  I  may  be 
allowed,  however,  to  express  my  conviction  that  the  passage  of  this  bill 
is  not  warranted  by  the  facts,  and  that  in  the  single  respect  of  deej)  water 
it  is  entirely  uncalled  for. 

Very  respectfully,  your  obedient  servant, 
S.  M.  Mansfield, 
Major  of  Engineers,  Brevet  Lieut. -Col,  U.  S.  A. 

Col.  William  E.  Merkill,  M.  Am.  Soc.  C.  E. — I  have  requested  the 
privilege  of  adding  a  few  remarks,  because  Mr.  Eads'  paper  introduces 
much  new  matter,  and  for  the  additional  reason  that  he  charges  me  with 
having  made  erroneous  statements;  this  is  my  apology  for  again  troub- 
ling the  Society  on  this  subject.  The  publication  of  my  previous  paper 
in  the  Congressional  Record  was  made  without  my  consent,  and  was  as 
great  a  surprise  to  myself  as  to  any  one  else.     In  this  connection  it 
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may  be  worth  stating  that  Mr.  Eads'  paper  appeared  in  the  New  Orleans 
Times-Democrat  of  November  30th,  1885.  If  the  accidental  premature 
publication  of  my  remarks  is  reprehensible,  the  intentional  publication 
of  his  reply  is  more  so. 

Mr.  Eads'  original  contract  with  Congress  may  be  tabulated  as  fol- 
lows : 

Contract  dated  March  3d,  1875,  with  James  B.  Eads,  for  construction  of 
South  Pass  Jetties. 


Channel 

to  be 
Obtained. 

Cash 
Payment. 

At  End  of  12 
Months. 

Annual 

Payments 

for  20 

Years. 

Withheld  for  10 
Years,  U.  S.  pay- 
ing Interest. 

Withheld  for  20 
Years,  U.  S.  pay- 
ing Interest. 

Principal. 

Interest. 

Principal. 

An.  Int. 

Principal. 

An.  Int. 

20  X  200 
22  X  200 
24  X  250 
26  X  300 
28  X  350 
30  X  350 

$500  000 
500  000 
500  000 
600  000 
500  000 
500  000 

$250  000        $12  500 
250  000  1        12  500 
250  000           15  000 
500  000          25  000 

$100  000 

$500  000 

$25  000 

$500  000 

$25  000 

Total. . 

$3000  000 

$1250000        $65  000 

$2000  000 

$500  000 

$250  000 

$600  000 

#500  000 

Grand  Total $8  065  000 


I  have  tabulated  the  items  in  the  precise  order  in  which  they  appear 
in  the  Act  of  Congress.  Mr.  Eads  says  that  I  ought  to  have  omitted 
the  $2  000  000  for  maintenance.  That  is  a  matter  of  opinion,  and  I 
leave  the  facts  to  speak  for  themselves.  The  item  for  maintenance  is 
one  of  the  leading  features  of  the  contract,  and  it  cannot  be  omitted  in 
summing  up  the  "total"  cost,  which  is  what  I  gave.  As  a  matter  of 
fact,  I  really  underrated  the  amount  involved,  by  omitting  the  large 
sums  to  be  expended  in  interest.  I  have  now  included  these  sums,  and 
the  table  herewith  is  an  exact  summary  of  the  Act  of  Congress. 

In  1878,  Mr.  Eads  again  went  to  Congress  and  j^rocured  the  i^assage 
of  an  act  authorizing  a  payment  in  advance  of  $500  000,  that  would  be  due 
as  soon  as  a  channel  24  by  250  had  been  obtained,  and  also  authorizing  a 
further  advance  of  "  such  sums,  not  exceeding  in  the  aggregate  the 
gross  sum  of  $500  000,  as  he,  or  they  (his  assigns),  may  require  in  the 
prosecution  of  the  works  authorized  by  said  hereinbefore  recited  act,  to 
pay  for  materials  furnished,  labor  done,  and  expenditures  incurred  from 
and  after  the  passage  of  this  act,  in  the  construction  of  said  works."  In 
other  words,  he  succeeded  in  getting  the  United  States  to  furnish  the 
money  needed  to  carry  on  his  contract. 

In  1879,  he  again  went  to  Congress,  and  had  the  unfinished  part  of 
his  contract  set  aside,  and  new  conditions  made,  as  shown  in  the  follow- 
ing table. 
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Amended  Contract  of  March  3cl,  1879,  with  James  B.  Eads,  for  con- 
structing South  Pass  Jetties. 


Channel 
to  be 

Cash 
Payments. 

Annual 

Payments 

for  20  Years. 

Withheld  for  10 

Years,   U.  S.  Paying 

Interest. 

Withheld  for  20 

Years,   TJ.  S.  Paying 

Interest. 

Obtained. 

Principal. 

An.   Int. 

Principal. 

An.  Int. 

25x200 

1750  000 
500  000 
500  000 
500  OOU 

$100  000 

f  500  000 

$25  000 

$500  000 

26x200 

30  (no  width) 

$25  000 

Total 

S2  250  000 

$2  000  000 

$500  000 

$250  000  $500  000 

$500  000 

Grand  total ^6  000  000 

Previously  earned  or  advanced 2  000  000 

Total  involved  in  contract  as  amended ^8  000  000 

Any  one  interested  in  verifying  the  accuracy  of  these  tables,  can  do  so 
hj  consulting  the  Elver  and  Harbor  Acts  of  the  dates  named. 

By  comparing  the  two  tables,  it  will  be  seen  at  once  that  the  amended 
contract  limits  the  depth  of  the  navigal)le  channel  to  26  feet,  and  even 
reduces  the  width  corresponding  in  the  original  contract  from  300  feet 
to  200  feet.  As  I  stated  before,  it  is  imi^ossible  to  secure  a  minimum 
depth  of  26  feet  over  a  width  of  200  feet  without  a  greater  central  depth, 
and  I  estimated  the  probable  central  depth  of  such  a  channel  at  30  feet. 
This  Mr.  Eads  denies.  I  will  not  argue  the  question,  but  leave  it  to  the 
judgment  of  the  Membei's  of  the  Society. 

When  Mr.  Eads  took  his  original  contract,  it  was  distinctly  stated  in 
the  public  press,  and  in  the  halls  of  Congress,  that  he  was  willing  to 
risk  everything,  and  only  expected  to  receive  pay  as  he  accomplished 
certain  definitely  stated  results.  It  now  appears,  however,  from  the 
statements  contained  in  his  last  paper,  that  this  was  not  seriously 
intended,  and  that  he  had  an  understanding  with  influential  Members 
of  Congress  that  he  need  not  bother  about  the  terms  of  the  contract,  as 
the  latter  could  and  would  be  modified.  This  is  an  extraordinary 
admission,  and  involves  questions  of  i^olitical  morality  that  I  would 
prefer  not  to  discuss.  It  is  clear  from  results  that  Mr.  Eads'  confidence 
was  not  misplaced. 

When  I  si)oke  of  the  large  "bonus"  that  Mr.  Eads  had  received 
over  the  cost  of  building  the  South  Pass  Jetties,  I  simply  meant  that  all 
the  money  Avhich  he  received  over  and  above  what  he  had  earned  under 
his  original  contract  was  really  a  bonus  from  Congress,  as  the  latter 
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body  was  under  no  obligation  to  give  him  a  dime  that  Avas  not  due 
under  his  "no  cure,  no  pay"  contract. 

Even  to  this  day,  notwithstanding  the  extravagant  claims  made  for 
the  South  Pass  Jetties,  the  26  by  300-foot  channel  of  the  original  con- 
tract has  not  even  once  been  obtained.  To  avoid  any  mistake,  and  to 
give  the  work  the  benefit  of  the  latest  developments,  I  wrote  to  the 
inspecting  officer  to  get  the  latest  facts,  and  he  answers,  under  date  of 
April  1st,  1886,  that  Mr.  Eads  has  never  had  a  channel  26  feet  deej^  by 
300  feet  wide. 

If,  therefore,  the  original  conditions  had  not  been  abandoned,  and 
new  conditions  substituted,  Mr.  Eads  would  thus  far  have  been  entitled 
to  but  $1  750  000;  whereas,  I  find,  from  the  last  Annual  Keport  of  the 
Secretary  of  War,  that  up  to  September  lOfch,  1885,  Mr.  Eads  had 
received  $5  150  000. 

It  must  be  stated,  however,  that  he  asserts  that  he  could  have 
obtained  the  guaranteed  channel,  but  that  Congress  thought  it  unad- 
visable,  and  modified  his  contract.  The  inference  is  that  the  contractor 
was  passive,  and  was  only  prevented  from  carrying  out  his  contract  by 
the  interference  of  higher  authority.  Those  who,  like  myself,  were 
present  during  a  portion  of  the  session  of  the  Congress  in  question, 
and  were  cognizant  of  the  herculean  eff"orts  of  Mr.  Eads  to  save  himself 
by  a  change  of  contract  (without  change  of  pay),  cannot  but  smile  at 
the  ingenuity  which  throws  the  whole  responsibility  ui)on  Congress. 
In  view  of  this  assertion,  it  is  worth  while  to  revive  the  memory  of  the 
method  used  to  secure  the  desired  change.  No  effort  was  made  to  have 
the  items  inserted  in  the  River  and  Harbor  Bill  prior  to  its  jiassage  by 
the  House  of  Representatives;  but  as  soon  as  the  bill  reached  the  Sen- 
ate, the  i^aragraphs  relating  to  the  change  of  contract  were  inserted  as 
"amendments."  The  bill  as  passed  by  the  Senate  being  difierent  from 
the  bill  as  it  came  up  from  the  House  of  Representatives,  and  the  latter 
body  having  refused  to  accede  to  the  Senate  amendments,  the  amended 
bill  was  referred,  as  usual,  to  a  Committee  of  Conference,  consisting  of 
three  members  from  each  body.  This  committee  agreed  upon  a  com- 
promise in  which  the  South  Pass  items  were  retained,  and  the  compro- 
mise bill  was  then  reported  back  to  each  House,  and  passed.  In  the 
House  of  Representatives  no  debate  was  allowed,  and  Members  were 
compelled  to  accept  or  reject  the  bill  as  an  entirety.  As  a  consequence, 
the  representatives  had  no  opportunity  whatever  to  discuss  a  change  in 
contract  by  which  the  Government  assumed  new  obligations  amounting 
to  millions.  The  eager  anxiety  and  "great  unanimity"  of  Congress  in 
changing  Mr.  Eads'  contract,  can  be  judged  from  the  above  statement  of 
how  it  was  done.  I  ought  to  add  that  I  do  not  blame  the  contractor  for 
trying  to  save  himself  liy  securing  a  change  in  his  contract,  and  that  I 
cannot  see  why  he  does  not  frankly  admit  that  he  did  his  best  to  attain 
so  essential  a  j^oint. 
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It  may  be  ■worth  while,  iu  this  conuection,  to  estimate  the  probable 
protit  of  the  South  Pass  Jetties.  This  is  a  delicate  siibject,  from  which 
the  light  has  been  carefully  excluded,  but  for  many  reasons  it  seems 
advisable  and  proijer  to  enter  on  this  inquiry.  I  know  from  the  con- 
tractors' own  books  that  the  engineering  expenditures  (including  the 
dredge  boat)  amounted  on  the  1st  of  January,  1879,  to  a  little  less  than 
one  and  a  half  millions.  The  work  which  he  then  reported  as  necessary 
for  the  completion  of  his  contract,  he  estimated  at  ^362  111.  Allowing 
liberally  for  siibsequent  expenditures,  all  of  which  were  comparatively 
light,  I  conclude  that  the  total  cost  of  the  works  does  not  exceed  two 
and  a  half  millions.  This  gives  the  contractor  a  profit  of  nearly  iowr 
millions;  in  this  I  in  chide  the  one  million  in  the  hands  of  the  Govern- 
ment, which  has  been  earned  but  is  retained  as  security,  and  on  which 
the  Government  pays  an  annual  interest  of  ^50  000.  After  such  an  ex- 
hibit, it  is  not  a  matter  of  surprise  that  Mr.  Eads  is  eager  for  another 
contract. 

I  regret  now  to  have  to  call  attention  to  a  garbled  quotation  from  my 
first  paper,  by  means  of  which  I  am  charged  with  making  an  incorrec 
statement  as  to  the  depth  of  the  channel  between  the   jetties.     I  wrote, 
"the   engineer    who    built    them    contracted   with    Congress   to   give 
a   depth   of  30   feet     for    a     width    of   350  feet  *  *  * 

and  failed  to  secure  such  a  depth."  Mr.  Eads  omits  the  words 
that  I  have  italicized,  thus  changing  the  meaning  of  my  sentence, 
and  then  says  that  my  statement  is  "incorrect."  I  reiieat  em- 
phatically that  my  statement,  as  I  wrote  it,  is  absolutely  true,  and 
Mr.  Eads  himself  nowhere  denies  it.  Wherever  he  speaks  of  30  feet 
depth,  he  means  30  feet  "regardless  of  width,"  and,  as  I  stated  before, 
this  central  depth  is  the  dejith  that  in  fact,  and  necessarily,  goes  with  a 
26-foot  channel  of  the  contract  width. 

The  severe  reflections  on  the  last  Board  of  Engineers  on  the  South 
Pass  Jetties  are  uncalled  for.  Mr.  Eads  claims  that  the  Board  was  in- 
consistent in  recommending  that  he  be  allowed  to  com]3lete  his  contract 
notwithstanding  their  expression  of  opinion  that  he  would  be  unable  to 
seciire  a  channel  of  the  guaranteed  depth  and  width.  I  can  see  no  in- 
consistency in  this.  The  contractor  vigorously  asserted  his  ability  to 
carry  out  his  full  contract,  and,  while  the  Board  did  not  believe  that  he 
could  succeed,  they  thoiight  it  but  right  to  give  him  the  opportunity  to 
prove  himself  correct  and  the  Board  in  error. 

It  is  evident  from  the  contractor's  subsequent  course,  that  he  had 
but  little  faith  in  his  own  statements,  for  instead  of  attempting  to  do 
what  he  was  bound  by  contract  to  do,  what  he  declared  he  could  easily 
do,  and  what  the  Board  wanted  him  to  do  (if  he  could),  he  at  once  pro- 
ceeded to  secure  his  release  from  these  conditions.  He  now  claims  that 
his  horse  was  "  hai'nessed,"  Ijut  it  is  evident  that  he  had  no  faith  in  his 
own  skill  as  a  driver. 


326  DISCUSSIO]^"    ON   THE    SOUTH    PASS   JETTIES. 

Having  tlius  fully  substantiated  all  my  previous  statements  about  the 
South  Pass  Jetties,  I  will  add  some  brief  comments  on  other  points  of 
Mr.  Eads'  elaborate  ijroduction.  In  this  connection,  I  cannot  forbear 
commenting  on  the  tone  of  infallibility  which  pervades  his  whole  paper, 
and  on  the  manner  in  which  he  pours  contempt  ni)on  all  who  have  the 
temerity  to  disagree  with  him.  It  is  his  habit  to  write  as  if  all  army 
engineers  were  opposed  to  the  construction  of  jetties  at  the  mouth  of  the 
Mississijapi;  ifc  may,  therefore,  be  worth  while  to  revive  a  few  facts.  In 
1856,  on  the  recommendation  of  a  Board  consisting  of  Commodore  Lati- 
mer, of  the  navy,  and  Majors  Chase,  Beauregard  and  Barnard,  of  the 
army  engineers,  contracts  were  made  for  jetties  at  South  West  Pass  and 
Pass  a  rOutre,  and  under  these  contracts  light  jetties  were  built  at  both 
passes.  Being  merely  piles,  without  stone  or  brush,  they  were  soon 
destroyed,  but  not  before  they  had  shown  a  deepening  of  the  channel 
between  them.  The  amount  apjiropriated  (.fSSO  000)  was  insufficient  to 
secure  substantial  work. 

The  Board  of  Engineers  convened  in  1873  to  discuss  the  improve- 
ment of  the  mouth  of  the  Mississii^jii,  reported  in  favor  of  a  canal, 
except  General  Barnard,  the  President  of  the  Board,  and  former 
member  of  the  Board  of  1856.  He  submitted  a  powerful  minority 
report,  advocating  the  trial  of  jetties  at  the  South  Pass.  After  much 
discussion,  the  whole  subject  was  committed  to  a  new  Board,  on  which 
were  three  army  engineers  (Wright,  Alexander  and  Comstock),  one 
coast  survey  engineer  (Mitchell),  and  three  civil  engineers  (Sickles, 
Roberts  and  Whitcomb).  This  Board  reported  in  favor  of  jetties  at 
the  South  Pass,  as  Barnard  had  recommended,  though  General  Wright 
expressed  his  preference  for  a  canal. 

It  will  thus  be  seen  that  of  the  army  engineers  who  belonged  to  the 
two  Boards  last  named,  six  reported  in  favor  of  a  canal  and  three  in 
favor  of  jetties,  one  of  the  three  (Gen.  Barnard)  being,  in  Mr.  Eads' 
estimate  (in  which  I  concur),  the  ablest  civil  engineer  in  the  army.  In 
fact  Gen.  Barnard  is  really  the  father  of  the  South  Pass  Jetties,  having 
selected  the  Pass  and  the  methods  of  improvement,  whereas  Mr.  Eads 
wished  to  take  the  Southwest  Pass.  To  do  full  justice  to  an  adversary, 
I  must  confess  that  I  agree  with  Mr.  Eads  that  the  Southwest  Pass 
should  have  been  chosen.  Congress,  however,  followed  Gen.  Bar- 
nard, and  selected  the  South  Pass,  notwithstanding  Mr.  Eads'  objec- 
tions. 

The  truth  is,  opinion  in  the  Engineer  Corps  Avas  divided  on  the 
l^robable  results  of  jetties  at  the  mouth  of  the  Mississippi,  and  the  same 
division  extended  among  civil  engineers.  While  the  then  Chief  of 
Engineers  was  decidedly  ojjposed  to  jetties,  many  of  his  juniors  did  not 
agree  with  him,  and  some  of  them,  as  shown  before,  reported  officially 
in  their  favor,  notwithstanding  the  Chief's  opposition.  The  statement, 
which  is  freqiiently  made,  that  the  Corps  of  Engineers,  as  a  body,  were 
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opi^osed  to  the  construction  of  jetties  at  the  South  Pass  is  not  warranted 
by  the  facts. 

I  will  not  discuss  the  subject  of  Galveston  Harbor,  as  I  know  noth- 
ing about  it,  except  from  reports.  My  object  in  writing  the  discussion 
of  Mr.  Corthell's  paper  was  to  give  Col.  Mansfield,  who  is  not  a  Member 
of  the  Society,  an  opi)ortunity  of  replying  to  Mr.  Corthell  through  me, 
so  as  to  place  his  reply  before  the  Society  that  printed  the  attack. 

I  notice  toward  the  latter  jiart  of  Mr.  Eads'  paper,  a  statement  that 
Mr.  Corthell  has  shown  by  a  letter  from  Mr.  Forrest  (Secretary  Inst.  C. 
E.)  that  military  engineers  in  England  are  not  employed  on  hydraulic 
works.  This  sentence  is  an  ambiguous  one.  If  it  means  that  Officers 
of  the  Royal  Engineers  do  not  do  hydraulic  work  in  England  itself  the 
statement  is  probably  correct,  but  it  is  no  answer  to  what  I  stated.  I 
said  *'  Great  Britain  makes  exactly  the  same  use  of  her  military 
engineers  as  does  the  United  States."  This  is  true,  and  it  can  readily 
be  proved.  The  civil  work  of  the  Royal  Engineers  is  done  in  the 
colonies,  and  especially  in  India.  They  planned  and  built  the  great 
Ganges  Canal;  all  of  the  Indian  railroads;  many  large  bridges,  dams, 
tanks,  and  systems  of  irrigation;  made  the  Geodetic  Survey  of  India; 
and  they  are  now  employed  on  all  classes  of  engineering  w-ork.  In 
writing  to  this  Society,  I  need  only  refer  to  the  "  Roorkee  Treatise  on 
Civil  Engineering"  (written  by  a  Royal  Engineer),  to  the  Thomason  Col- 
lege of  Civil  Engineering  (under  charge  of  a  Royal  Engineer),  and  to 
Major  Cunningham's  "  Hydraulic  Experiments." 

In  the  Jovrnnl  of  the  Royal  TJnited  Seri'ice  Listitution,  is  a  paper  by 
Captain  Hoskyns  on  the  Afghan  Campaigns  of  1879-81,  where  117  En- 
gineer-Officers were  employed,  in  which  the  author  states  that  the  officers 
who  excelled  "  were  those  who,  in  peace  time,  had  had  opportunities  of 
organizing  labor  and  of  exercising  their  own  resources."  Colonel  St. 
John,  in  discussing  this  paper,  remarks,  in  regard  to  Engineer-Officers, 
"I  can  testify  from  my  own  experience  that  the  best  men  on  service  are 
those  who  were  employed  on  the  great  railway  and  canal  works  of 
India."  General  Maclagan's  testimony  is  much  stronger  on  the  same 
subject;  and  General  Sir  James  Hills  corroborated  Colonel  St.  John,  as 
did  the  chairman,  General  Sir  J.  Linton  Simmons.  Such  statements, 
from  officers  of  high  rank,  are  a  conclusive  answer  to  the  assertion,  often 
made,  that  civil  Avork  unfits  an  engineer  for  military  service.  In  this 
connection,  I  am  reminded  that  the  late  General  Weitzel  told  me  that, 
on  a  visit  to  Germany,  he  was  asked  by  German  Engineer-Officers  as  to 
how  American  Engineer- Officers  were  employed  in  time  of  peace;  and 
when  he  stated  that  they  were  placed  in  charge  of  river  and  harbor 
works,  the  German  engineers  expressed  their  hearty  approval  of  the  ac- 
tion of  the  American  Government,  and  ho])ed  their  own  might  be  in- 
duced to  follow  the  American  example. 

Since  writing  the  above,  I  have  had  an  opportunity  of  examining  the 
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latest  statement  of  stations  and  duties  of  the  Royal  Engineers — that  for 
March  1st,  1886— with  the  following  result: 

I  find  a  very  large  number  of  officers  on  survey  duty  all  over  the 
world,  notably  in  Great  Britain,  Ireland,  India,  Cyprus  and  Africa; 
some  in  charge  of  or  on  duty  with  railways  in  India,  including  surveys 
for  new  railways;  many  on  duty  in  India  in  charge  of  the  Ganges 
Canal  and  other  systems  of  irrigation,  inclitding  tanks;  and  several 
similarly  employed  in  Egypt;  a  large  number  ou  duty  with  telegraph 
lines  in  India,  Persia  and  elsewhere;  many  as  principals  or  professors  at 
the  Civil  Engineering  Colleges  at  Cooi3er's  Hill,  Madras  and  Roorkee; 
some  in  charge  of  works  under  the  Admiralty  and  constructing  dock- 
yards, as  at  Portsmouth;  a  large  number  engaged  in  the  Public  Works 
Department,  the  nature  of  whose  duties  is  not  specilied;  several  Direct- 
ors of  Roads  (presumed  to  be  highways);  one  Conservator  of  Forests; 
one  Engineer-Architect;  one  Curator  of  Historical  Buildings,  etc.,  etc. 

Any  amount  of  additional  evidence  will  be  forthcoming,  if  desired, 
but  I  imagine  that  the  above  will  suffice  to  prove  my  point.  It  might 
be  pertinent  to  add,  in  conclusion,  that  Major  Cunningham's  "Hydraulic 
Experiments"  is  one  of  the  publications  of  the  Institution  of  Civil  En- 
gineers, of  which  Mr.  Forrest  is  the  Secretary.  The  latter  doubtless 
meant  that  the  Royal  Engineers  do  not  do  civil  work  in  England  itself. 

Mr.  Eads'  paper  concludes  with  a  disparaging  allusion  to  "tentative  " 
engineering,  as  if  there  were  no  problems  in  engineering  that  could  not  be 
solved  immediately.  I  will  only  remark  on  this  point  that  the  older  and 
wiser  one  grows,  the  more  he  realizes  the  many-sidedness  of  all  questions, 
and  the  less  he  is  inclined  to  make  positive  predictions.  His  references 
to  army  engineers  as  "  military  students  "  are  in  very  poor  taste,  in  view 
of  the  fact  that  all  of  the  "  students  "  of  his  own  age  have  had  at  least 
twice  as  much  engineering  experience  as  himself.  For  my  part,  I  hope 
to  remain  a  student  to  the  end  of  my  days,  and  I  have  no  desire  to  be 
classed  among  those  whose  education  is  already  finished.  The  Corps 
of  Engineers,  while  making  no  claim  to  infallibility,  is  not  afraid  to  point 
to  its  river  and  harbor  work  as  the  best  answer  to  the  slurs  contained  in 
Mr.  Eads'  paper. , 

E.  L.  CoKTHELL,  M.  Am.  Soc,  C.  E. — The  great  length  which  the 
discussion  of  this  pajier  has  already  reached,  the  numerous  statements 
of  facts,  and  the  variety  of  opinions  expressed,  make  it  unnecessary  to 
extend  the  discussion  further,  for  fear  of  repetition.  The  replies  to 
Colonel  Merrill,  first  by  the  author  and  then  by  other  members,  espec- 
ially by  Mr.  Eads,  cover  the  whole  ground  so  completely,  that  it  is  only 
necessary  now  to  take  uji  a  few  salient  points  that  have  been  i:)resented 
by  other  members  who  have  criticised  the  author's  paj^er. 
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Mr.  McMath  bases  quite  a  long  paper  on  the  assumption  that  the 
conditions  existing  at  the  jetties  are  not  applicable  to  the  upper  reaches 
of  the  river;  and  that,  therefore,  some  of  the  lessons  which  the  author 
gave  are  not  correct  in  their  application  to  other  portions  of  the  river. 
.  The  author  will  be  ol)liged  to  dissent  from  his  assumption,  and  to  re- 
peat that  the  conditions  found  in  the  ujiper  river,  or  below  Cairo,  do  exist 
at  and  near  the  mouth  of  the  river,  except  that  the  slope  of  surface  at  flood 
stages  is  considerably  greater  in  the  upper  than  in  the  lower  reaches  of 
the  river .  The  velocity  of  the  current  at  New  Orleans,  and  even  below 
there,  often  reaches  five  to  six  miles  per  hour.  The  irregularities  of  the 
bed  and  the  crooked  course  of  the  river,  and  other  conditions,  produce 
the  same  disasters  that  occur  above.  It  is  only  necessary  to  mention  Bon- 
net Carre,  Morganza  and  Davis'  Crevasses;  also  the  jamp,  twelve  miles 
above  the  head  of  the  passes,  and  Cubit's  Crevasse,  or  Gap,  three  miles 
only  above  the  head  of  the  passes,  to  show  that  the  river  in  these  lower 
reaches  is  no  aged  dotard,  enfeebled  by  the  loss  of  energy,  as  Mr. 
McMath  would  make  him  out  to  be.  From  New  Orleans  to  the  mouth 
of  the  passes  there  are  scars  all  along  the  banks,  where  the  river  has  in 
years  past  inflicted  deep  and  gaping  wounds  which  it  has  required  many 
years  to  heal. 

The  author  ventures  the  assertion  that  there  are  conditions  existing 
in  the  delta  of  the  river  that  far  more  complicate  the  improvement  of  the 
channel  than  those  which  exist  in  the  upper  river.  The  inflow  of  sea 
water  under  the  fresh  Avater;  the  peculiar  conditions  existing  at  the  head 
of  the  passes,  where  the  tide,  salt  water,  fresh  water  and  sediment,  in 
varying  velocities  and  quantities,  presented  conditions  Avhich  made  the 
problem  difficult,  and  comi^elled  the  handling  of  a  million  cubic  feet  of 
water  per  second;  and  that,  too,  where  the  banks  and  the  bed  of  the  river 
and  passes  are  so  easily  abraded,  that  the  greatest  possible  care  had  to 
be  taken  to  prevent  serious  mishaps  by  rapid  enlargement  of  channels 
which  it  was  important  to  j^reserve  unchanged. 

The  whole  problem  there  is  a  working  model  on  a  very  large  scale  of 
the  conditions,  principles,  works  and  results  as  applied  to  the  upper 
i-iver.  First,  two  bars  removed  and  the  channel  through  them  deepened, 
in  one  instance  from  15  to  40  feet,  and  in  the  other  from  9  to  31  feet. 
Second,  wide  places  narrowed,  and  the  river  brought  to  a  uniform 
width  by  "high  water  treatment."  Third,  outlets  closed,  as  at  Grand 
Bayou,  which  previously  carried  oflf  to  the  Gulf  one-third  of  the  volume 
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of  the  pass.  Fourth,  shutes  closed,  as  that  around  Crane  Island.  Fifth, 
one  of  two  main  channels  closed,  as  at  the  island  at  the  head  of  the 
passes,  thereby  reducing  the  friction  and  lowering  the  surface  slope  of 
the  floods.  Sixth,  jetties,  dykes,  permeable  and  solid  wing  dams,  jjro- 
iection  of  the  bed,  the  use  of  willows  loosely  piled  or  in  thin  mats  on 
edge,  or  in  mattresses  laid  flatwise;  deposits  made,  solid  ground  formed 
in  the  old  channels  with  trees  now  growing  upon  them,  and  the  works 
|)rotected  by  these  deposits  and  the  main  channel  made  permanent. 

The  lessons  should,  therefore,  be  heeded  ;  if  they  are  not,  the  attempt 
to  imi:)rove  the  Mississippi  River  will,  in  our  opinion,  prove  an  utter 
failure. 

The  remarks  of  Captain  Bixby  show  such  a  meager  knowledge  of  the 
principal  subjects  under  discussion,  namely,  the  South  Pass  Jetties  and 
Galveston  Harbor  improvement,  that  it  is  unnecessary  to  take  much 
time  in  answering  his  statements. 

The  expression,  "the  present  channel  (at  South  Pass  Jetties)  may  fill 
up  rapidly  as  soon  as  the  present  dredging  stops, "  is  a  very  remarkable 
one,  since  the  official  reports  of  the  construction  and  maintenance  of  the 
jetties  show  that  dredging  did  not  only  not  make  the  channel,  but  also 
that  the  dredge  boat  which  was  used  to  pare  off  the  irregular  sides  and 
bottom  ridges,  to  bring  the  channel  to  the  exact  requirements  of  a  Con- 
gressional enactment,  has  not  been  used  at  all  since  February,  1883. 

In  reference  to  what  he  criticises  as  the  author's  "sweeping  con- 
demnation "  of  the  Galveston  works,  he  states  that  they  should  not  be 
judged  in  their  present  condition,  for  it  would  be  like  criticising  a  build- 
ing when  only  the  foundation  and  lower  story  were  erected,  and  that 
the  author  has  mistaken  this  part  of  the  st.'ucture  for  the  whole  house. 
Had  the  first  story,  or  even  the  foundation  of  the  North  Jetty  been  in 
sight  or  been  found  hj  a  lead  line,  and  if  the  first  story  of  the  South 
Jetty  had  not  been  completely  swept  away,  and  the  foundation  that  re- 
mained sajiped  by  the  currents  and  its  structure  ruined  by  the  teredo, 
there  might  be  some  point  in  his  remark,  and  some  injustice  in  the 
author's  "sweeping  condemnation." 

And,  third,  a  still  more  remarkable  statement  is  made  in  connec- 
tion with  the  subject  of  civil  and  military  engineers.  He  states  that 
"  they  (West  Point  graduates)  have,  prior  to  the  late  rapid  develop- 
ment of  the  United  States,  individually  j^lanned  and  constructed 
almost   all   the  great  civil  engineering  works   in  the   countrv."     We 
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leave  this  statemeut  "with  the  Society  after  simply  nieutiouing  Elli- 
cott,  Canvass  White,  Sainiiel  H.  Ivneass,  De  Witt  Clinton,  Jervis, 
Laurie,  Kirkwood,  Welch,  Roberts,  lioebling,  McAlpine,  Whii^ple 
and  Francis,  who,  with  others  that  might  be  mentioned,  were  the 
pioneers  of  engineering  construction  in  this  country,  and  who  developed 
its  resources  by  siirveys,  canals,  railways,  bridges,  water-works  and 
water-power,  and  the  improvement  of  rivers  and  harbors. 

General  Gillmore  takes  exceptions  to  the  author's  remarks  on  hi» 
work  at  Charleston.  There  was  no  space  in  the  original  paper  to  en- 
large xxpon  the  subject,  or  to  exjjlain.  His  discussion  compels  the 
author  to  do  so  now. 

The  point  that  the  author  made  Avas  in  reference  to  siibmerged  jetties, 
jetties  not  reaching  deep  water,  and  a  very  gradual  process  of  construc- 
tion, and  the  statement  was  made  that  "the  neglect  of  these  lessons 
(from  South  Pass  Jetties),  or  rather  the  jilans  and  constructions  carried 
forward  on  opposite  principles,  have  at  Galveston,  Texas,  and  Charles- 
ton, S.  C,  resulted  in  complete  failure,"  and  that  there  was  tAvo  feet 
less  water  at  the  latter  j^lace  than  when  the  works  were  begun.  This 
information  was  gathered  from  the  Official  Reports  of  the  Chief  of 
Engineers,  and,  at  the  time  the  paper  was  presented,  there  had  been 
about  twelve  years  of  work  done  at  Charleston,  partly  on  one  plan  and 
partly  on  another.  The  first  plan  contemplated  the  removal  of  an  old 
jetty  which  projected  into  the  Beach  Channel.  The  work  was  com- 
menced in  1871  or  1872,  with  the  expectation  of  obtaining  by  it  a  dej^th 
of  20  feet  at  mean  low  tide.  (See  Chief  of  Engineers'  Report,  1874, 
Part  n,  page  5.)  At  about  this  time  the  City  of  Charleston,  in  1874, 
had,  by  dredging  slightly,  obtained  a  good  channel  of  18  feet  at  high 
tide,  or  13 J  feet  at  low  tide,  in  what  is  called  the  Pumpkin  Hill  Chan- 
nel ;  and  it  was  stated  by  the  Army  Engineer  that  two  feet  more  was 
l)racticable  by  the  same  jjrocess;  that  is,  20^  feet  at  high  tide  and  15^ 
feet  at  low  tide.  Even  in  the  Beach  Channel,  which  was  under  im- 
jirovement,  there  was,  at  the  time,  a  depth  of  14  feet  at  mean  low 
water.  And  General  Gillmore,  in  a  letter  dated  Janiiary  3d,  1875, 
while  this  work  was  going  on,  stated,  "I  see  no  reason  to  ap^jrehend 
that  the  channel  would  not  remain  permanent  if  dredged  to  a  uni- 
form low  water  dej^th  of  16 J  feet  to  17  feet,  corresponding  to  21 J 
and  22  feet  at  ordinary  high  Avater.  (See  Chief  of  Engineers'  Re- 
port, 1875-76,  Part  II,  page  31.)     But  evidently  the  j^rinciples  and  con- 


332  DISCUSSION    ONT   THE    SOUTH    PASS   JETTIES. 

clitious  were  not  iiuderstood,  for  the  very  work  (tlie  removal  of 
Bowman's  Jetty)  whicli  was  intended  to  deepen  tlie  channel,  actual- 
ly shoaled  it  ;  for  on  page  31,  Part  I,  1876,  Gen.  Gillmore  says  : 
"Since  the  completion  of  the  removal  of  the  outer  end  of  the  jetty, 
that  portion  of  the  channel  that  Avas  before  deep  has  shoaled  con- 
siderably ;"  and  he  recommended  at  that  time  the  expenditure  of 
$10  000  in  the  attempt  to  remove  this  advancing  shoal  by  dredging, 
and  did  expend  that  sum  without  accomplishing  any  good  result.  At 
the  close  of  the  fiscal  year,  1876,  there  had  been  expended  $88  637.93, 
mostly  in  the  removal  of  Bowman's  Jetty,  and  jiartly  in  the  removal  of 
sunken  wrecks.  Later  surveys  demonstrated  still  more  clearly  that  the 
plan  was  ill-advised.  A  survey  made  July  14th,  1877,  led  to  the  follow- 
ing statement  :  "It  (the  survey)  showed  quite  conclusively  that  the 
shortening  of  the  Bowman  Jetty  had  not  produced  a  wider  channel  at 
that  point,  but  that  the  west  end  of  Drunken  Dick  Shoal  approached 
the  Sullivan  Island  shore  and  the  jetty  as  fast  as  the  latter  was  re- 
duced in  length.  Neither  was  the  channel  deepened  by  the  shortening 
of  the  jetty;  on  the  contrary,  the  greatest  depths  on  the  smallest  cross- 
section  were  less  than  existed  on  the  smallest  cross-section  four  or  five 
years  ago."  The  failure  of  this  plan  led  to  the  devising  of  another,  con- 
templating submerged  jetties,  withgajis  to  be  left  at  the  shore  ends  very 
low  to  allow  the  tide  to  flow  in.  The  Beach  Channel  Jetty  was  to  be  held  12 
feet  below  low  water  and  the  main  channel  jetty  15  feet  below  low  water, 
both  jetties  gradually  reaching  the  surface  of  the  water  towards  the  end 
of  the  jetty,  one  1  500  feet  from  the  sea  end,  and  the  other  2  000  feet. 
One  object  also  of  the  low  jetty  plan  was  to  prevent  the  advance  of  the 
bar;  and,  in  order  jjrobably  to  be  sure  that  the  I'ight  plans  were  adoj^ted, 
the  process  of  construction  was  to  be  "very  gradual." 

The  end  of  these  jetties,  as  laid  down  at  that  time,  did  not  reach  the 
24-foot  curve  by  2  miles,  and  the  30-foot  curve  by  4  miles,  as  the  slope 
seaward  was  very  gradual  in  the  direction  of  the  jetty  prolongation. 
The  Army  Board  approved  these  i^lans.  These  officers  were  Generals 
Tower,  Wright,  Newton  and  Gillmore.  The  jetties  have  recently  been 
extended  beyond  the  original  limits,  perhaps  to  keep  i^ace  with  the 
advance  of  the  bar. 

Without  going  into  a  detailed  description  or  discussion,  the  author 
will  simply  state  that  the  estimated  cost  was  $1  800  000,  and  that 
up  to  June  30tli,  1884,   about  the   date  of  his  paper,  there  had  been 
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expended  $1  044  768.25,  or  about  60  per  cent,  of  the  estimated 
total  cost.  The  following  are  some  of  the  results  :  The  original 
depth  of  the  channel  around  Bowman's  Jetty  was  14  feet  in  1874  ; 
in  1881  the  depth  through  the  jetty  channel  was  13J  feet  ;  in  1883, 
Hi  feet  ;  in  1884,  al)out  12  feet.  But  the  area  of  shoal  ground  be- 
tween the  jetties  has  not  decreased,  for  there  was  in  1881  about 
4  000  000  scjuare  feet  of  shoal  above  the  12-foot  curve ;  in  1883, 
12  000  000    square  feet   above  the  same  plane  ;    in  1884  about  7  500- 

000  square  feet.  In  1874  the  main  shiji  channel,  which  has  always 
been  used  by  the  deeper  draught  vessels,  had  a  depth  of  13 ^  feet;  but 
the  jetty  works  have  caused  a  marked  deterioration  in  this  channel 
with  no  corresponding  increase  of  depth  in  the  jetty  channel.  The 
'*  very  gradual"  process  of  construction  advised  and  carried  out,  has, 
in  the  ojiinion  of  the  author,  been  more  than  anything  else,  the  cause 
of  the  consideral)le  advance  of  the  bar,  which,  as  near  as  the  author 
can  make  out  from  the  various   charts,   has  been  about  1  000  feet  to 

1  200  feet. 

The  exception  taken  by  General  Comstock  to  the  author's  remarks  that 
"  jetties,  to  beef  the  greatest  effect,  should  be  brought  above  the  surface 
of  the  "water  at  flood  tide,"  and  "  they  must  be  kept  high  to  prevent  the 
■wash  of  sand  over  them  into  the  channel,"  after  the  detailed  description 
and  history  of  the  Galveston  Jetties  given  by  Mr.  Eads,  supplemented  by 
the  charts  of  Galveston  Harbor  (see  maps  accompanying  paper  of  Mr. 
Eads),  is  shown  to  have  been  not  well  taken.  The  principles  enunciated 
in  the  paper  of  Mr.  Eads  in  reference  to  the  reduction  of  friction  by  the 
reduction  in  width,  also  bears  directly  upon  this  point. 

In  reference  to  the  advance  of  the  bar  off  the  South  Pass  Jetties,  the 
author's  statement  was  made  from  the  only  report  available  at  the  time, 
which  was  that  of  1883.  Comparing  1876  with  1883,  there  had  been 
in  the  1  000  feet  width  immediately  in  front  of  the  jetties  and  in  the 
sweep  of  the  discharge,  as  near  as  could  be  ascertained  from  the 
smaU  chart  before  us  at  the  time,  a  shoaling  of  1.6  feet  over  two- 
thirds  of  this  area,  and  a  deepening  of  3.1  over  one-third  of  the  area,  or 
an  average  shoaling  of  one-tenth  of  a  foot  over  the  whole  area.  During 
the  years  1882-83  there  had  been  an  average  deepening  of  2.3  feet  over 
this  same  area.  An  inspection  of  the  table  of  changes  that  have  taken 
place  in  scour  and  fill  over  all  the  sub-areas  of  the  large  fan-shaped  area, 
will  show  that  during  eight  years  there  have  been  marked  annual  irregu- 
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larities  in  the  action,  due  to  tlie  varying  conditions  of  winds,  tides,  littoral 
currents,  river  discharge,  and  quantity  and  character  of  the  sedimentary 
discharge.  The  annual  report  of  the  inspecting  oflScer  of  the  Govern- 
ment for  June,  1885,  received  since  the  author's  paper  was  read,  shows  that 
over  the  whole  fan-shaped  area  in  front  of  the  jetties,  there  has 
been  an  average  deepening  during  the  last  year  of  1.16  feet,  and  an 
average  deepening  directly  in  the  line  of  the  river's  discharge  of  2.5 
feet.  No  one  has  ever,  to  the  knoAvledge  of  the  author,  stated  that  the 
bar  would  not  re-form  in  course  of  time;  on  the  other  hand,  it  was 
stated  by  Mr.  Eads,  and  others  supporting  him,  at  the  time  of  the  dis- 
cussion of  the  subject,  that  the  bar  would  re-form;  and  also  that  the 
action  of  the  sedimentary  discharge  would  be  as  stated  by  General  Corn- 
stock;  that  is,  the  strong  current  eft'ected  by  the  jetties  would  throw  the 
sedimentary  matter  into  deeper  water  than  before;  and  any  one  can  see 
that  this  would  prolong  the  time  of  bar  re-formation,  which,  without  such 
extension  of  time,  would  be  over  100  years.  It  must  lie  recollected,  also, 
that  since  the  first  works  were  built,  and  the  material  in  the  bar  was 
moved  by  them  into  the  (lulf,  it  is  now  a  decade;  that  for  nearly 
seven  years  the  commerce  of  the  world  has  found  an  ixnobstructed  en- 
trance, and  that  during  every  year  that  it  remains,  the  jetties  are  jDaying 
for  themselves  many  times  over  in  reduced  cost  of  transiiortation  to  the 
seaboard  of  the  products  of  the  Mississippi  Valley,  in  insurance,  and 
in  regiilating  and  holding  down  the  rates  of  freight  to  the  Atlantic  ports 
by  rail. 

The  effect  of  the  jetties  is,  and  will  be,  to  deposit  the  sediment  on 
the  Hanks  of  the  strong  issuing  current,  and  to  carry  the  residiie  to 
greater  Gulf  depths;  thus  accomplishing  tAvo  advantageous  results, 
namely,  building  up  a  foundation  for  future  extensions  when  they  may 
become  necessary,  and  prolonging  the  time  of  the  bar's  re-formation  in 
the  track  of  the  river's  discharge  and  in  the  track  of  commerce. 

A  large  part  of  the  so-called  ' '  fan-shaped  "  area  includes  the  in- 
cipient banks  and  shoals  on  the  outer  flanks  of  the  jetties,  and  the 
changes  upon  it  give  no  reliable  facts  bearing  upon  the  advance  of  the 
bar. 

As  a  matter  of  interest  in  closing  this  discussion,  the  following  state- 
ments are  given  from  the  Annual  Report  of  the  Insj)ectiug  Officer,  dated 
June  30th,  1885: 

"On  June  15th  there  w^as  a  least  depth  of  30.6  feet  from  the  main 


DISCUSSION    ON   THE    SOUTH    PASS   JETTIES.  335 

river  into  South  Pass,  witli  a  least  widtli  of  100  feet  for  the  30-foot 
chauuel,  and  a  vei'y  wide  26-foot  channel. 

'•Throughout  the  length  of  South  Pass  there  is  a  26-foot  channel, 
whose  width  varies  from  270  feet  to  900  feet.  The  least  depth  of  the 
channel  on  sections  one  mile  iu  length  is  from  29.2  feet  to  46  feet. 

"  The  least  depth  through  the  jetties  is  31.3  feet;  the  least  width  of 
the  26-foot  channel  is  270  feet,  and  the  30-foot  channel  130  feet. 

"Beyond  the  ends  of  the  jetties  there  is  a  central  depth  of  31.6  feet, 
the  26  and  30-foot  channels  lieing  220  and  80  feet  wide  respectively." 

The  author  ventures  the  prophecy,  that  in  less  than  two  decades  from 
this  date,  the  wisdom  of  the  jetty  plan  will  be  so  fully  proven  by  a  long 
period  of  time,  and  the  commerce  of  the  MississiiDjii  Valley  will  have 
grown  to  such  enormous  proportions  by  the  constant  development  of  the 
country  ;  by  the  successful  improvement  of  the  Mississippi  and  its  trib- 
utaries ;  and  by  the  opening  of  an  interoceanic  communication  with  the 
Pacific  countries,  thus  efi'ecting  the  commercial  extension  of  the  river 
into  the  Pacific,  that  the  Government  will  abandon  the  already  inade- 
quate channel  into  and  through  the  little  South  Pass,  and  will  con- 
struct jetties  at  the  mouth  of  the  Southwest  Pass,  where,  from  the  main 
river  to  the  Gulf,  commerce  will  find  a  magnificent  channel,  through 
which  a  tow  of  half  a  dozen  vessels  can  be  taken,  and  set  adrift  in  the 
deep  water  seaward  of  the  jetties. 

In  reference  to  the  best  manner  of  conducting  the  public  works  of 
the  Government,  it  was  not  necessary  for  General  Comstock  to  go  so 
far  in  finding  an  alternative  i^lan  to  the  j^resent  one.  The  j^lan  pro- 
jjosed  by  him,  all,  of  course,  will  acknowledge  is  faulty,  and  to  be  con- 
demned as  a  system  ;  and  it  is  hardly  fair  to  intimate  that  any  such 
plan  is  in  the  minds  of  the  civil  engineers  who  are  advocating  a  modi- 
fication of  the  present  plan  of  conducting  public  works.  His  alterna- 
tive plan  is  certainly  not  in  accord  with  the  remarks  made  in  the 
author's  paper  on  this  subject;  for  he  stated  that  the  Government  should 
summon  to  its  aid  the  best  engineering  talent,  and  that  the  doors  should 
be  thrown  open  to  all  engineers  fitted  by  education  and  exi>erience 
for  the  seiwice  required;  and  that  the  Government  should  not  give  the 
general  or  exclusive  charge  of  public  works  into  the  hands  of  engi- 
neers educated  to  conduct  works  of  a  totally  diff'erent  character. 

A  more  reasonable  alternative  i)lan,  and  one  which  would  keep  jjace 
better  Avith  the  wonderful  development  of  our  industries  and  the  grow- 
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ing  demands  of  commerce  for  deep  rivers  and  harbors,  would  be  the 
consolidation  of  all  the  civil  works  of  the  Government  into  a  civil  de- 
partment, with  its  own  Cabinet  officer,  to  be  called  "  The  Department 
of  Public  Works,"  with  the  sirb-departments  of  geodesy,  geology, 
engineering  (rivers  and  harbors),  light-houses,  architecture  and  weather 
service.  The  su2)erintendents  of  each  department  to  ai^point  their  as- 
sistants from  civil  life,  or,  in  times  of  peace,  also  from  the  army  or  navy 
by  detail;  sound  and  pratttical  civil  service  principles  and  rules  to 
IJrevail  throughout  the  department;  all  connected  with  it  to  be  selected, 
assigned  and  jiromoted  according  to  ability,  experience,  faithfulness 
and  length  of  service.  The  aiathor  ventures  the  assertion  that  such  a 
system  would  be  more  attractive  to  the  officers  of  the  army  and  navy 
than  the  present  one,  and  that  many  engineers  in  both  arms  of  the 
service  would  gladly  resign  their  commissions,  if  necessary,  in  order 
to  hold  liermaneut  positions  in  this  civil  department.  In  place  of 
several  antagonistic  and  discordant  elements  seeking  often  to  over- 
reach, belittle  and  encroach  upon  each  other,  a  complete  and  har- 
monious system  would  exist,  which  would  utilize  and  draw  to  itself  the 
best  talent,  the  greatest  skill  and  the  largest  exi^erience  of  the  various 
special  professions  that  make  up  the  great  i^rofession  of  engineering, 
which  "seeks  to  convert,  adapt  and  ajiply  the  great  sources  of  power 
in  nature  to  the  use  and  convenience  of  man." 
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THE   SP0:N^GILLA   II!^  MAIIST  PIPES. 


By  Desmond  FrrzGERAiiD,  M.  Am.  Soc.  C.  E. 
Read  October  15th,  1884. 


WITH  DISCUSSION. 


Great  attention  is  paid  by  hydraulic  engineers  to  the  designing  of 
dams,  aqueducts,  reservoirs,  etc. — structures  connected  with  the  sources 
of  supply;  but  the  question  may  well  be  asked:  Is  proper  attention 
given  to  the  pipe  or  distribution  system  ? 

Experiments  and  formulas  we  certainly  have  on  the  flow  of  water 
through  pipes,  but  the  writer  is  inclined  to  believe,  as  the  result  of 
observation,  that  when  the  water  has  been  once  turned  into  a  pipe  system, 
little  more  attention  is  paid  to  the  condition  of  the  pipes.  Sometimes, 
it  is  true,  email  i>ipes  fill  up  entirely,  and  then  specimens  are  exhibited 
showing  the  growth  of  tuberculation.  Again,  the  water  becomes  bad 
in  one  street  while  it  is  good  in  the  adjoining  neighborhood,  and  the 
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result  is  attributed  to  some  mysterious  agency.  It  is  the  belief  of  the 
■writer  that  one  of  the  great  steps  in  advance  that  will  be  made  in  the 
years  to  come  in  the  designing  of  pipe  systems  will  be  the  introduction 
of  facilities  for  cleaning  out  the  pipes  at  stated  intervals  of  time.  This 
will  be  found  necessary,  not  so  much  for  the  purpose  of  restoring  the 
normal  capacity  of  the  pipes,  as  for  maintaining  the  purity  of  the 
water. 

A  few  years  since,  the  writer  was  standing  by  the  side  of  Prof.  Remsen 
when  he  made  the  discovery  of  the  spongilla  as  being  the  principal 
source  of  trouble  in  the  Boston  water. 

Many  excellent  engineers  have  doubted  the  influence  of  the  sponge, 
but  in  a  somewhat  varied  experience  in  different  sources  since  that  time, 
the  writer  is  inclined  to  give  more  and  more  weight  to  the  conclusions  of 
Prof.  Remsen.  Not  to  go  into  the  question  of  the  growth  and  develop- 
ment of  the  spongilla  in  lakes,  reservoirs,  etc.,  which  may  be  made  the 
subject  of  a  future  article,  the  writer  would  like  to  call  the  attention  of 
the  profession  to  the  fact  of  the  growth  of  the  sponr/illa  lacustrls  in  the 
pipes  of  a  water  system.  When  the  si^onge  is  j^resent  in  the  sources  of 
supply,  pieces  of  it  find  their  way  into  the  pipes.  These,  decaying,  give 
an  offensive  cucumber  or  fishy  taste  to  the  water.  This  accounts  for  the 
fact  that  the  bad  taste  is  almost  always  detected  in  the  city  a  few  days 
before  the  taste  is  found  in  the  reservoirs.  The  sjoonge  is  really  an  ani- 
mal and  lays  eggs,  which  float  down  with  the  water  and  attach  them- 
selves in  large  qiiantities  to  the  interior  surfaces  of  the  pipes. 

More  accurately,  these  reticulated  masses  are  the  statoblasts  of  the 
sponge.  The  forms  which  these  eggs  take  are  very  curious.  They  mass 
themselves  in  traceries  like  lace-work,  generally  from  the  size  of  a  silver 
half-dollar  to  the  size  of  a  plate,  and  the  exterior  boundaries  generally 
take  a  circular  or  oval  form.  Soon  the  eggs  begin  to  bring  forth  the 
sponge,  no  matter  what  the  pressure,  and  a  soft  velvety,  light  green 
si3onge  begins  to  grow  in  circular  patches.  This  growth,  if  left  nndis- 
turbed,  gives  out  long  fingers  of  sponge. 

With  life  there  must  be  death  and  decay,  and  with  the  decay  of  the 
sponge  comes  the  cucumber  taste. 

The  writer  has  seen  large  mains,  under  a  pressure  of  100  feet,  where 
the  entire  surface,  as  far  as  examined,  was  filled  with  offensive  masses  of 
sponge  closely  packed  between  and  around  the  tubercles.  He  has 
also  seen  them  in  all  the  stages  of  growth.      Within  a  few  days  a  break 
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iu  a  48- inch  main  gave  an  opportunity  to  examine  the  sponge  in  com- 
pany Avith  Prof.  Hyatt,  who  recognized  the  young  sponge  as  spongilla 
lacxstrls,  \Av.  jiexls  jyina.  Flushing -will  not  remove  this  growth.  Some 
form  of  scraper  or  wire  brush  is  necessary.  In  Halifax,  Mr.  E.  H.  Keat- 
ing, M.  Am.  Soc.  C.  E.,  has  i:)erfectecl  and  used  extensively  an  appa- 
ratus for  cleaning  out  j)ipes,  but  one  of  the  difficulties  of  this  form  of 
scrajier  will  probably  be  found  to  be  the  protrusion  into  the  interior 
of  the  i^ipes  of  service-pipe  connections,  etc. ,  which  has  been  found  to 
be  necessary  to  keep  rust  from  covering  them.  It  would  seem,  how- 
ever, that  some  form  of  brush  might  be  devised  which  would  do  the 
work  effectively. 


DISCUSSION. 


Joseph  P.  Davis,  Vice-President  Am.  Soc.  C.  E. — The  result  of  a 
good  many  experiments  in  Boston  has  been  that,  under  the  conditions 
which  i3roduce  what  is  known  as  the  cucumber  taste,  if  the  pipes  are 
blown  out  the  bad  taste  increases.  The  spongilla  was  discovered  to  be 
the  cause  of  the  cucumber  taste  some  few  years  ago  by  Prof.  Ira  Bemsen, 
of  the  Johns  Hopkins  University,  There  was  a  comparatively  small 
amount  of  it  in  the  pond  where  it  was  discovered;  one  could  hardly  be- 
lieve such  a  small  quantity  could  i^roduce  such  a  bad  effect.  The 
presence  of  a  sponge-like  growth  in  the  Cochituate  conduit  was  noticed 
soon  after  Cochituate  w^ater  was  introduced,  but  although  in  1854  (I 
think  that  is  the  year)  the  cucumber  taste  rendered  the  water  unfit  for 
use,  no  one  seems  to  have  suspected  that  the  taste  arose  from  the  spon- 
gilla. 

E.  B.  DoRSEY,  M,  Am.  Soc.  C.  E. — "Was  that  undoubtedly  the  cause 
of  the  bad  water? 

Mr.  Davis. — There  is,  perhaps,  some  doubt  about  it.  But  we  are 
inclined  to  believe  that  that  was  the  cause.  It  is  very  curious  how  the 
presence  of  this  taste  is  usually  first  made  known.  In  187C  it  occurred 
something  in  this  way.  A  consumer  would  come  into  the  office  and 
say  the  water  supplied  to  his  house  was  exceedingly  bad.  On  ask- 
ing him  where  he  was  now  getting  his  water  from,  he  would  say,  from 
his  neighbor.  "Was  that  good?"  "Yes."  Naturally  we  supposed  a 
fish  had  got  into  his  sui^ply  pipe.  During  the  day,  probably  a  number 
of  persons  would  come  in   complaining  of  their  water,  whereas  their 
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neighbor's  water  was  good.  In  the  next  24  hours  the  whole  section 
would  be  troubled,  and  within  two  or  three  days  it  woiild  be  all  over  the 
city.  In  that  year  (1876)  no  bad  taste  was  found  in  the  reservoirs  for 
two  or  three  days  after  the  discovery  in  the  city.  I  do  not  know  what 
the  life  of  the  animal  is,  but  the  effect  produced  upon  the  water  by  its 
decay  lasts  sometimes  two  or  three  months.  The  supply  for  Boston 
was  (in  1876)  brought  to  the  city  by  a  single  aqueduct  and  delivered 
into  two  reservoirs,  one  of  which,  the  Chestnut  Hill  reservoir,  had  two 
basins;  the  lower  was  quite  a  large  one  and  as  clean  a  one  as  I  ever  knew 
of.  The  first  knowledge  of  any  trouble  in  the  city  was  had  as  I  have 
described  it.  I  was  out  some  two  or  three  days  trying  to  find  the  source 
of  the  trouble,  and  found  it  in  the  lower  basin  of  this  reservoir.  The 
supply  was  shut  off  for  some  three  or  four  months,  when  it  was  again 
turned  on.  It  did  not  seem  possible  there  could  have  been  any  growth 
in  the  basin.  Since  that  time  Prof.  Remsen  has  found  this  spongilla 
growing  in  the  ponds. 

J.  J.  R.  Croes,  M.  Am.  Soc.  C.  E. — Incases  where  this  has  grown  in 
the  pipes — the  supply  pipe — how  long  does  it  last?  I  suppose  it  has  a 
growth  and  death,  and  decomposition  comes  on? 

Mr.  DA^^s. — The  taste  sometimes  lasts  for  two  or  three  weeks  in 
the  pipes.  In  the  reservoir,  where  it  was  not  carried  away  by  the  cur- 
rent, it  lasted  some  two  or  three  months  in  the  winter. 

Mr.  DoKSEY. — Does  it  recur  at  the  same  time  of  the  year? 

Mr.  Davis.— I  think  not. 

Theodoke  Coopek,  M.  Am.  Soc.  0.  E.  —Can  you  distinguish  it  with 
the  eye? 

Mr.  Davis. — It  attaches  itself  to  the  rocks  and  grows  like  sea-weed. 

Mr.  DoRSEY. — Is  it  green? 

Mr.  Davis. — When  fresh  and  alive. 

J,  C.  Campbell,  M.  Am.  Soc.  C.  E. — Has  there  ever  been  anything 
done  to  prevent  it? 

Mr.  Da\t:s. — When  it  first  occurred  a  thorough  blowing  out  of  the 
pipes  was  made,  but  it  resulted  in  an  increase  of  the  taste.  Of  late 
years,  finding  that  this  only  made  it  worse,  Ave  did  not  do  it. 

Mr.  Croes. — Has  this  ever  occurred  in  a  supply  that  is  taken  from 
water  not  exposed  to  light  or  air?  If  I  am  not  mistaken  it  only  occurs 
where  the  water  is  exposed  to  light  and  air. 

Mr.  Davis. — I  don't  think  I  ever  heard  of  a  case  where  the  water  was 
not  exposed  that  it  became  bad  from  this  cause. 


DISCUSSION    OX   THE    SPOXGILLA    IX    MAIN    PIPES.  34-1 

Mr.  DoKSEY. — Have  they  ever  tried  the  ordinary  sand  or  gravel  filter? 

Mr.  Davis. — In  Boston?  Xo,  sir;  not  for  the  purpose  of  taking 
this  taste  out.  Experiments  have  been  made  for  other  objects.  Of 
course,  it  takes  out  little  or  nothing  held  in  solution.  When  you  get 
the  taste  you  cannot  filter  it  out.  In  the  early  days  of  the  Cochituate 
supply,  sponge  filters  on  the  house  faucets  were  very  generally  used,  but 
when  the  bad  taste  developed  in  1854  they  had  no  beneficial  effect. 
Exposure  of  the  water  to  the  air  for  a  short  time,  in  small  quantities,  or 
boiling,  usually  destroys  the  taste. 
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ON   INCREASING  THE   ACCURACY  OF  A  SYSTEM 
OF  MAGNETIC  BEARINGS  OF  A  SURVEY. 


By  OiiiN  H.  Landreth,  M.  Am.  Soc.  C.  E. 
Read   November  14:TH,  1884. 


WITH  DISCUSSION. 


This  system  is  applicable  to  a  closed  survey  or  to  a  traverse.  It 
often  becomes  necessary  to  assign  a  set  of  magnetic  bearings  to  a  sur- 
vey in  which  the  horizontal  angles  have  been  measured  with  a  transit  or 
a  theodolite.  The  required  system  of  bearings  must  conform  to  two 
conditions: 

First. — It  must  be  the  most  accurate  system  attainable  from  the 
given  data. 

Second. — It  must  conform  to  the  vernier  system  by  giving  angles 
between  adjacent  courses  identical  with  the  corresponding  vernier 
angles. 

These  two  imposed  conditions  are  best  satisfied  by  the  following- 
method  of  survey  and  reduction : 

1st.  Measure  and  record  the  traverse  angle  at  each  station  referred 
to  the  first  line  of  the  survey  as  an  origin. 

2d.  Observe  and  record  the  magnetic  bearing  of  each  line,  taking  as 
such  bearing  the  average  of  the  bearings  taken  at  the  two  ends  of  the 
line. 

3d.  Apply  the  traverse  angle,  with  its  sign  reversed  at  each  station, 
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to  tlie  magnetic  bearing  of  the  line  starting  from  that  station,  by  so 
doing  forming  a  series  of  bearings  of  the  first  or  origin  line,  each  trans- 
ferred from  a  separate  line  of  the  survey. 

4th.  Take  the  arithmetical  mean  or  average  of  the  several  values  of 
the  bearing  of  the  first  side  as  the  adopted  bearing  of  that  side. 

5th.  Ai^ply  the  traverse  angles,  with  their  true  sign,  in  turn  to  the 
adopted  bearing  of  the  first  side,  giving,  respectively,  the  corrected 
bearings  of  each  side. 

This  last  operation  may  be  facilitated  by  inspection,  remembering 
that  the  corrected  bearing  of  each  Hue  differs  from  the  observed  bearing 
in  amount  and  direction,  the  same  as  the  adopted  bearing  of  the  first 
line  differs  from  that  computed  bearing  of  the  first  line  which  comes 
from  the  line  in  question. 

If  traverse  angles  have  not  been  measured,  biit  deflection  angles, 
construct  the  corresponding  ti-averse  angles  for  the  several  stations  by 
adding  all  deflection  angles  to  the  right  and  subtracting  from  the  sum 
all  deflection  angles  to  the  left  which  occur  betAveen  the  first  line  and 
the  line  in  question. 

The  magnetic  bearings  may  now  be  transformed  into  astronomical 
bearings  by  applying  the  magnetic  declination. 

It  wiU  be  observed  that  the  final  corrected  bearing  of  each  line  is 
determined  from  the  bearings  of  every  line  of  the  survey,  and  hence  is 
more  accurate,  both  as  regards  ordinary  instrumental  errors  as  well  as 
the  eff'ect  of  local  attraction,  than  the  bearing  from  one  or  even  many 
observations  at  each  station. 

The  unknown  efiect  of  local  attraction  at  the  several  stations  of  an 
extensive  survey  may  be  assumed  to  be  free  from  any  tendency  to  a 
common  direction,  and  hence  these  effects  can  be  treated  as  accidental 
errors,  making  the  degree  of  accuracy  proportional  to  the  square  root 
of  the  number  of  stations. 

Should  the  observed  bearings  of  the  individual  lines  be  deemed  of 
unequal  accuracy,  relative  weights  may  be  assigned  to  them,  based  on 
the  candid  judgment  of  the  surveyor,  in  which  case  each  computed 
bearing  of  the  origin  side  is  to  be  multiplied  by  the  weight  of  the 
observed  bearing  of  the  corresponding  line,  and  the  sum  of  these  pro- 
ducts for  all  the  lines  is  to  be  divided  by  the  eum  of  all  the  weights,  to 
give  the  adopted  mean  value  of  the  bearing  of  the  origin  side,  or  the 
general  mean. 
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Station. 

Deflection 

Angles. 

Observed  or 

Computed 

Traverse 

Angles. 

Observed 
Bearings. 

Computed 

Bearings  of 

First  Line  F.  A. 

Corrected 
Bearings. 

A 

Deg.    Min. 
98        12 
38        18 
34        07 
89        14 
72        13 
27        56 

Deg.     Min. 
98        12 
136        30 
170        37 
259        51 
332        04 
360        00 

Deg.     Min. 
N.    46        30  W. 

N.    51        45    E. 

N.    90        00   E. 
S.     56        00   E. 
S.     33        15  W. 
N.    74        30  W. 
N.    46        30  W. 

Deg.     Min. 
N.    46        30  W. 

46        27 

46        30 

46        37 

46        3G 

46        34 

Deg.    Min. 
N.    46        32  W. 

B 

C 

D 

E 

F 

N.    51        40   E. 
N.    89        58   E. 
S.     55        55    E. 
S.     33        19  W. 
N.    74        28  W. 

Aver'ge  46        32+ 

DISCUSSION. 

KuDOLPH  Hering,  M.  Am.  Soc.  C.  E. — Mr.  Landreth's  system  is,  I 
think,  a  good  way  of  distributing  the  bearings  over  a  closed  siirvey;  but 
unless  this  survey  be  small,  and  the  territory  free  from  local  attractions, 
I  cannot  see  that  the  magnetic  bearings,  particularly  the  corrected 
ones,  could  be  of  much  use  after  a  comi:>lete  vernier  circuit  has  been 
made.  To  correct  the  error  of  local  attractions,  and  alter  the  magnetic 
bearing  at  any  one  point,  would  often  be  to  mislead  any  one  thereafter 
trying  to  retrace  a  course  on  the  ground. 

It  is  better,  I  think,  to  record  the  actual  magnetic  variation,  even  if 
the  magnetic  circuit  does  not  close  (and  the  date,  inasmuch  as  it  varies 
periodically),  and  not  to  try  to  average  it  for  a  whole  circuit.  On  the 
survey  I  am  at  jiresent  conducting,  the  method  proposed  would  be 
of  no  value,  as  we  find  numerous  local  attractions  of  great  amount, 
owing  to  the  geological  character  of  the  ground. 

J.  B.  Davis,  Jun.  Am.  Soc.  C.  E. — Mr.  Landreth's  method  of  as- 
signing magnetic  bearing  to  the  courses  of  a  survey,  is  the  one  I  should 
certainly  practice  if  there  were  no  local  attractions  involved,  if  I  had 
occasion  to  do  such  a  thing.  In  my  own  exi)erience  I  have  never  had 
such  occasion;  neither  do  I  find  myself  able  to  conceive  of  such  an  oc- 
casion. We  are  discarding  all  needle  work  in  Michigan  as  fast  as  possible. 
I  need  not  say  why.  The  least  exjjerience  with  the  needle  will  furnish 
plenty  of  reasons. 
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MEXICAN  BRIDGE   CONSTRUCTION. 


By  J.  FosTEE  FiiAGG,  M.  Am.  Soc.  C.  E. 
Eead  Decembek  17th,  1884. 


The  accompanying  sketch  is  submitted  as  being  rather  remarkable 
for  the  work,  from  his  own  design,  of  an  ordinary  uneducated  Mexican 
laborer,  or  x>eon — combining  as  it  does,  crudely,  several  principles  of 
bridge  construction. 

Bridges  in  Mexico  are,  generally  speaking,  built  of  arched  masonry, 
anything  like  a  truss,  especially  in  the  section  of  country  where  this 
bridge  was  built  (the  State  of  Colima),  being  before  the  advent  of  rail- 
roads almost  unknown.  In  the  State  of  Colima  there  are  but  few  bridges 
of  any  description — the  streams  being  crossed,  when  possible,  by  the 
primitive  method  of  fording — and  these  few  are  the  usual  arched  struct- 
ures. The  River  Armeria,  crossed  by  the  bridge  sketched,  is,  for  a  long 
distance  above  and  below  the  bridge  site,  too  rapid  (having  an  average 
slope  for  miles  of  one  per  cent.),  and  generally,  even  in  the  lowest  stage 
of  water,  too  deep  to  be  fordable.  And  the  size  of  the  river  in  flood 
(then  800  feet  wide  and  25  feet  deep,  in  the  channel),  and  the  instability 
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of  its  stony  bed,  make  it  altogether  too  expensive  a  matter  with  the  limited 
means  of  the  country  to  build  a  permanent  high  bridge.  It  was  at- 
tempted some  thirty-six  years  ago,  thirty  miles  farther  doAvn,  where  the 
current  is  much  less  raf)id — a  structure  of  the  usual  character  (a  series 
of  brick  arches  of  limited  span)  of  probably  800  to  1  000  feet  in  length 
being  then  built;  but  a  freshet,  the  following  year,  cleaned  out  the 
whole  structure,  except  an  arch  or  two  at  one  end. 

The  peon  referred  to  was  occupied  some  four  years  ago  as  a  ferry- 
man, where  the  trail  for  cargo  mules  crosses  the  river,  carrying  across 
the  mule  packs,  pack  saddles,  etc.,  in  a  "  dug  out."  And  if  any  animals 
could  not  be  forced  to  swim  the  rapid  current  by  pelting  them  from  the 
banks,  he  stripped  himself,  and,  seizing  the  bell  mare  or  riding  animal  by 
the  mane,  swam  beside  her,  and  forced  her  across  to  lead  the  rest.  About 
that  time  he  happened  to  see  a  Harper's  Weekli/  (probably  sent  to  some 
one  of  our  engineers)  which  had  in  it  an  illustration  of  a  suspension 
bridge.  This  was  a  new  light  to  him,  and  he  revolved  the  matter  over  in 
his  mind  to  see  if  he  coul^  not  imitate  the  bridge  in  the  materials  at  his 
command,  viz. :  the  round  sticks  and  vines  cut  from  the  forest,  and 
small  rough-hewn  sticks  of  timber.  As  a  result  he  put  up  a  structure 
closely  imitating  the  ordinary  suspension  bridge,  the  cables  and  sus- 
penders being  twisted  from  wild  wines  [bejifcos),  and  the  former  passed 
over  rude  frames  for  towers,  and  anchored  to  huge  boulders  in  the  river 
banks.  It  was  built  without  any  nails  or  iron  of  any  kind.  It  was,  of 
course,  a  frail  structure,  but  it  served  very  well  for  foot  jiassengers,  and 
for  carrying  across,  on  wheelbarrows  or  the  backs  of  peons,  the  cargo  of 
the  mules.  The  writer  found  it  quite  an  assistance  in  passing  back- 
wards and  forwards  men  and  tools  emi^loyed  in  building  a  railroad 
bridge  at  the  same  site. 

But  a  heavy  freshet  occurred  the  same  year  the  bridge  was  built  and 
destroyed  every  vestige  of  it.  Finding  it  profitable,  the  peon  engiaeer 
decided  to  renew  it;  and  this  time  he  was  not  satisfied  with  copying 
another's  design,  but  originated  the  one  submitted  with  this  paper. 
Like  the  first  one,  it  was  put  together  without  nails  or  metal  of  any  de- 
scription— the  suspension  cable,  as  before,  being  made  of  wild  vioes 
twisted,  and  all  joints  tied  together  with  lighter  vines  used  when  green, 
no  manufactured  ropes  even  being  used. 

The  piers  were  made  by  driving  light  poles  a  short  distance  into  the 
river  bed,  in  the  form  of  a  square,  tying  them  together  with  other  poles, 
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and  filling  with  stone.  The  stringers  of  the  main  si:)an,  in  two  pieces, 
were  tied  together  with  hejiicos  at  A,  and  the  spliced  stick  supported 
near  the  joint  by  the  suspension  cable — the  only  use  to  which  the  cable 
was  put.  The  towers  were  natural  forked  sticks;  forked  to  support  the 
cable,  and  forked  to  support  the  corbels  {B  B)  which  assisted  in  short- 
ening the  main  and  lateral  spans.  And  finally  the  long  stringers  were 
supported  again,  midway  between  the  end  of  the  corbels  and  the  cable 
attachment  in  the  center,  by  crude  cantilevers  (C  C)  which  were  loaded 
with  stone  near  their  shore  ends  to  balance  the  weight  of  the  central 
sjjan. 

The  roadway,  of  rude  joists  and  lioards,  is  not  shown.  It  was  quite 
narrow,  only  one  animal  being  able  to  pass  on  it  at  a  time.  The  bridge 
proved  to  be  strong  and  rigid  enough  to  pass  mounted  men  or  loaded 
mules,  and  so  served  better  than  his  first  construction.  It  was  in  use, 
I  believe  without  any  accident,  for  some  18  months, when  another  heavy 
freshet  unfortunately  sent  it  the  way  of  its  predecessor. 
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EXCAVATION  AND  EMBANKMENT  BY  WATER 

POWER. 


By  Edward  Bates  Doesey,  M.  Am,  Soc,  C.  E. 
Bead  December  17th,  1884. 


I  wish  to  call  the  attention  of  the  Society  to  a  plan  by  which  large 
excavations  and  embankments  can  be  cheajjly  made — which  is  especially 
applicable  to  earthen  dams — by  simply  applying  the  method  used  in  the 
hydraulic  mines  that  have  been  so  largely  developed  in  California.  The 
system,  in  brief,  is  discharging  the  water  under  a  vertical  head  of  from 
100  to  300  feet  against  the  bank  to  be  excavated.  The  momentum  of  the 
water  cuts  the  bank,  the  material  of  which  is  conveyed  by  it  into  the 
flume,  and  thence  by  it  to  the  place  at  which  it  is  to  be  discharged. 

This  point  of  discharge  is  generally  in  some  water-course  or  river, 
which  soon  becomes  dammed  by  a  perfectly  water-tight  dam,  which 
remains  intact  and  tight  until  it  is  destroyed,  or  partially  so,  by  the 
winter's  flood  washing  away  the  material  from  the  tn-p. 

The  water  used  in  the  mines  is  generally  brought  from  reservoirs  in 
the  mountains.  The  dams  forming  these  are  brilliant  examples  of  bold 
and  cheap  construction;  among  the  principal  of  these  is  the  Bowman 
Dam,  on  the  headwaters  of  the  Yuba  River  in  Nevada  County,  California, 
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built  under  the  general  direction  of  Mr.  Hamilton  Smith,  Jr. ,  M.  Am. 
See.  C.  E.     Its  maximum  height  is  100  feet,  and  length  425  feet. 

The  -water  from  the  reservoirs  is  conveyed  through  ditches,  tun- 
nels, flumes  and  pipes  to  the  mines;  in  some  cases  aggregating  a 
length  of  several  hundred  miles.  These  flumes  show  at  times  very  bold 
engineering,  being  hung  by  iron  rods  to  the  vertical  sides  of  the  moiint- 
ains;  at  other  times  they  cross  wide  and  deep  valleys  upon  high  and 
long  trestle-work.  When  the  valleys  are  too  deep  to  be  crossed  in  this 
manner,  inverted  siphons  are  used,  made  of  wrought-iron  sheets 
riveted  into  pipes.  The  great  pressure  these  pii3es  stand,  their  lightness, 
durability  and  cheapness,  will,  in  the  future,  force  their  adoption  in 
many  cases  upon  the  hydraulic  engineer.  Some  of  these  works,  gener 
ally  known  as  mining  ditches,  eclipse  in  magnitude  and  boldness  the 
water-works  supplying  most  of  our  or  European  large  cities. 

The  unit  of  measiiremeut  of  water  in  California  is  what  is  known  as 
the  miner's  inch,  which  varies  in  different  localities;  the  inch  that  is 
generally  adopted  equals  17  000  U.  S.  gallons  in  twenty-four  hours. 

The  quantity  of  earth  that  this  miner's  inch  will  remove  varies  very 
much,  being  from  li  to  9  cubic  yards  daily.  Perhaps  the  most  correct 
data  is  from  the  workings  of  the  North  Bloomfield  Gravel  Company, 
under  the  direction  of  Mr.  Hamilton  Smith,  Jr. 

During  1874-75,  one  inch  of  Avater  removed  4.80  cubic  yards  gravel. 
1875-76         "  "  "        4.17      "         " 

In  many  cases  the  engineer  in  constructing  dams  could  do  better 
than  this,  as  he  could  pick  out  the  soft  places  and  leave  the  hard,  and 
not  waste  time  and  water  in  cleaning  the  bed  rock  or  working  the  hard 
blue  gravel  which  is  generally  richest  in  gold,  and  in  mining  operations 
must  necessarily  be  mined  and  removed,  even  if  it  is  done  slowly. 

In  order  to  be  perfectly  safe,  I  have  estimated  that  the  miner's  inch- 
of  17  000  U.  S.  gallons  daily  will  remove  3i  cul)ic  yards.  Upon  this 
basis,  actual  bids  were  received  for  the  construction  of  the  plant,  em- 
bracing engines,  boilers,  etc. ,  to  pump  20  000  000  gallons  200  feet  high 
in  twenty-fours  hours. 

Recently  I  had  to  estimate  the  cost  of  constructing  a  dam  80  feet 
high.  The  surroundings  prevented  the  use  of  masonry;  the  nearest 
material  that  would  answer  for  puddle  would  have  to  be  hauled  four 
miles  up  a  very  steep  grade;  the  only  material  available  for  building  the 
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body  of  the  dam  was  a  saudy  gravel  extending  to  the  greatest  exjilored 
depth.  By  numerous  tests  the  voids  ranged  from  8  to  23  per  cent., 
averaging  10  per  cent. 

As  the  building  material,  as  well  as  the  foundation,  was  bad,  I  deemed 
it  prudent  to  give  the  dam  extra  width;  consequently  the  top  was  esti- 
mated 200  feet  wide,  with  slope  24  to  1  on  each  side,  making  the  bottom 
600  feet.  One  of  the  reasons  for  giving  this  great  width  was  to  get 
plenty  of  fine  material  for  the  interior  filling  that  would  take  the  i^lace 
of  the  ordinary  puddle.  The  calculated  quantity  of  material  was  1  757- 
127  cubic  yards. 

The  plan  proposed  was  to  i^ump  the  water  to  an  average  height  of 
200  feet;  of  this,  120  feet  woixld  be  available  for  hydraulic  purposes, 
the  remaining  80  feet  would  be  lost  in  friction,  fall  of  the  flume,  and 
dump.  It  was  proposed  to  convey  the  water  from  the  pumps  to  the 
banks  by  the  usual  hydraulic  mining-pii)e,  made  by  riveting  together 
sheets  of  wrought-iron.  The  water  and  the  material  would  be  conveyed 
to  the  proposed  dam  embankment  in  a  flume  2.5  x  2.5  feet,  made  out  of 
1^-inch  planks,  with  a  fall  varying  from  5  per  cent,  at  the  beginning  of 
the  work  to  2  at  the  close.  This  flume  would  be  made  similar  to  the  ordi- 
nary mining  flume,  excejat  that  it  would  not  be  paved  in  the  usual  man- 
ner, either  with  stone  or  wooden  blocks,  but  the  bottom  would  be  lined 
with  thin  sheets  of  steel  plates,  to  prevent  the  wearing  of  the  planks  and 
to  make  the  friction  of  the  water  and  the  conveyed  material  as  small  as 
l^ossible.  A  few  feet  from  the  discharging  end  of  the  flume  the  upper 
portion  of  the  side  of  the  flume  towards  the  center  of  the  embankment 
would  be  cut  away,  commencing,  say  at  a  point  14  feet  back  where  the 
height  of  the  side  would  be  2i  feet,  and  diminishing  to,  say,  6  inches,  at 
the  end,  thus: 

Side  Elevation  of  Flume. 

<. LH^Sli 

m vzA ^ ^ ^  w\ m. 


A  B  represents  the  outside  of  flume  24  feet  high. 

C  B  represents  the  side  towards  the  center  of  the  dam  as  cut  away. 
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The  dotted  lines  represent  a  trough  or  box  to  catch  the  overflow 
from  B  a 

By  this  plan,  most  of  the  water  containing  the  lighter  and  finer 
materials  only,  would  overfloAV  into  the  trough  represented  by  the  dotted 
lines  as  above,  and  be  conveyed  by  smaller  branch  flumes  towards  the 
center  of  the  embankment,  where  it  would  be  discharged  and  settle, 
forming  a  center  of  fine  puddle;  the  stones,  gravel  and  coarse  sand 
would  1)6  on  or  near  the  bottom,  below  the  side  oi)ening,  consequently 
they  would  l)e  discharged  at  the  end,  forming  an  excellent  rip-rajj  for 
the  embankment.  This  side  opening  could  be  raised  or  lowered  as  the 
material  or  work  might  require. 

I  will  briefly  describe  the  plan  that  I  projiosed  to  adopt  in  building 
this  dam,  using  for  example  a  dam  80  feet  high  and  200  feet  wide  on 
top,  with  slopes  of  2i  horizontal  to  1  vertical. 


Fig.  1. 

Fig.  1  represents  the  ground  prepared  for  construction.  A  the  usual 
puddle  ditch,  the  material  from  which  would  be  used  to  make  B  and  C, 
small  embankments,  ten  to  fifteen  feet  high  at  the  extreme  base  of  the 
main  embankment,  this  being  to  retain  the  muddy  water  until  the 
finer  particles  held  in  suspension  are  deposited,  so  as  to  waste  as  little 
material  as  jDossible. 


Fig.  2. 

Fig.  2  represents  the  first  hydraulic  working,  the  flumes  F  F  be- 
ing 20  feet  above  the  bottom — one  on  each  side  of  the  embankment. 
So  that  there  may  be  no  loss  of  time,  while  one  is  working  the  other 
can  be  moved  or  altered  as  desired,  care  being  taken  in  this,  as  in  all 
subsequent  operations,  to  keep  the  outside  or  rip-rap  jjortion  of  the 
wall  closely  built  up  to  the  discharging  end  of  the  flume.  By  doing  this, 
a  few  planks,  brush  and  stones  can  easily  control  and  divert  the  water 
wherever  desired. 
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The  outer  wall  in  this,  as  well  as  in  all  subsequent  stages,  should  be 
kept  as  high  as  possible,  in  order  to  save  the  muddy  water  until  the 
sediment  in  suspension  is  deposited . 


Figure  3  represents  the  second  hydraulic  stage.  In  this  the  flumes 
F  F  are  40  feet  above  the  bottom. 

The  upper  part  of  the  water  in  the  flume,  containing  the  finer 
materials,  escapes  over  the  low  side  opening  into  the  trough  and  branch 
flumes  H H,  and  is  discharged  over  the  puddle  pit. 

In  this  case  it  was  estimated  that  one-fourth  of  the  total  quantity 
would  be  deposited  here,  and  would  make  a  most  excellent  i)uddling 
material.  However,  this  proportion  could  be  easily  varied  by  raising 
or  lowering  the  side  discharge,  as  may  be  found  desirable,  to  make  the 
puddle  finer  or  coarser. 

On  the  figures  the  puddling  material  is  represented  by  the  broken 
horizontal  lines,  which  also  indicate  approximately  the  form  it  woiild 
assume  from  the  deposits  made  during  the  different  stages. 


Fig.  4. 

Figure  4  represents  the  third  hydraulic  stage,  the  flume  being  60 
feet  above  the  bottom  of  the  eml)aukment. 


Fig.  5. 
Figure  5  represents  the  fourth  or  last  hydraulic  stage. 

In  this  case  there  Avas  not  enough  water  running  in  the  stream  to 
give  an  average  of  20  000  000  gallons  daily.    It  was  proposed  to  keep  the 
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water  between  the  two  embankments  as  long  as  possible,  then  to  allow 
it  to  escape  into  the  reservoir  being  formed  by  the  dam,  where  it  would 
deposit  on  the  sides  and  bottom  (which  might  be  very  desirable  in  some 
formations)  the  remaining  sediment  in  suspension ;  after  this  it  could  be 
pumped  again  against  the  bank.  By  thus  using  the  same  water  over 
repeatedly,  very  little  fresh  water  would  be  required. 

Cost, 

The  following  table  is  taken  from  the  able  paper  on  "Hydraulic 
Mining  in  California,"  by  Aug.  J.  Bowie,  M.  Am.  Soc.  C.  E.* 


Yeae. 

Cost  Pek 

Cubic  Yaed  Moved. 

Name  of  ilrsE. 

Water. 

Total. 

Total 
except 

Water. 

French  Hill  Claim 

1874-76 

1875-76 

1874-76 

1875 

1874-75 

1874-75 

1875-76 

SO. 014 
.006 
.008 
.006 
.004 

.0077 
.0074 

$0,063 
.038 
055 
.037 
.039 

.0207 
.0245 

$0  049» 

Light  Claim   

.032; 

Chesnan  Claim 

Johnson  Claim 

.047 
.031- 

Sicard  Claim   

North  Bloomfield  Gravel  Mining 
Companv 

.035 
.0130 

Ditto               ditto 

.0171 

The  two  last  were  made  under  the  superintendence  of  Mr.  Hamilton 
Smith,  Jr.,  M.  Am.  Soc.  C.  E.,  in  his  tisual  thorough  manner,  and  give 
the  correct  cost,  under  favorable  circumstances  of  high  banks,  plenty  of 
water,  good  grade,  and  first-class  management. 

The  engineer  in  any  ordinary  work-  could  not  expect  to  equal  this 
work  of  Mr.  Smith;  but  he  would,  in  my  judgment,  except  under  very 
unfavorable  circumstances,  be  perfectly  safe  in  estimating  at  four  cents 
per  cubic  yard  the  cost  of  digging,  transporting,  depositing  the 
material  in  embankment,  and  all  other  expenses,  excejot  that  of  water 
and  plant. 

The  preceding  statement  of  expenses  at  the  mines  included  many 
items  of  expense  not  necessary  in  ordinary  engineering  work,  siich  as 


*  Hydraulic  Mining  in  California.    By  Aug.  J.  Bowie.    Transactions  of  the  American  Id - 
stitute  of  Mining  Engineers,  Vol  VI,  page  27. 
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loss  of  quicksilver,  loss  of  labor  aud  water  in  cleaning  bed  rock;  watch- 
men to  prevent  robbery  of  gold;  expenses  of  saving  the  gold;  expenses 
of  cleaning  uj),  etc. 

Cost  of  Plant. 

A  plant  capable  of  pumping  20  000  000  gallons  of  water  200  feet  high 
•daily,  which  should  remove  4  117  cubic  yards  of  average  earth  or  gravel, 
will  cost,  all  complete  and  in  working  order,  about  ^50  000,  unless  the 
local  freight  should  be  excessive.     This  is  made  from  actual  bids. 

In  this  latitude  this  system  could  be  worked  all  the  year,  except  dur- 
ing the  severe  winter  months,  say  for  200  days,  in  which  time  it  Avould 
remove  4  117x200  =  823  400  cubic  yards,  so  that  the  cost  of  the  plant 
would  be  as  foUows  per  cubic  yard  removed.     In  work  lasting 

One  year $0.06 

Two  years 0.03 

Three  years 0.02 

Four  years 0.015 

In  this  estimate  nothing  is  allowed  for  the  value  of  the  plant  at  the 
end  of  the  work.  The  engine,  boilers,  pumps,  tools,  electric  lights, 
etc.,  w^ould  certainly  bring  something,  which  would  reduce  it  mate- 
rially. 

In  warmer  climates,  where  the  work  could  be  prosecuted  all  the  year, 
the  above  estimate  would  be  largely  reduced. 

Cost  of  Water. 
Wherever  this  system  could  be  used  in  ordinary  engineering  work, 
the  time  that  would  be  required  would  generally  be  too  short  to  justify 
the  purchase  of  compound  or  condensing  engines,  consequently  the 
cost  of  pumicing  is  calculated  on  the  ordinary  high-pressure  engine 
consuming  36  tons  of  coal  to  pump  20  000  000  gallons  daily  200  feet 
high: 

36  tons  of  coal,  at  84.50 .$162.00 

1  engineer 4.00 

2  assistant  engineers 6 .  00 

2  firemen 4.00 

4  laborers 6 .  00 

Oil,  waste,  etc • 8 .  00 

Total $190.00 
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S190-i-4  117:  $.046.     Average  cost  per  cubic  yard,  say  $0,045. 

This  estimate  is  based  upon  the  supjjosition  of  liumping  all  tlie 
water  200  feet  high,  but  iu  most  localities  a  few  cheap  dams  and  ditches 
could  be  made  to  bring  considerable  water  at  an  elevation  that  would 
materially  reduce  this  i^umpiug  expense. 

Eesume  of  Cost  per  Cubic  Yaed. 


DUKATION 

OF   WOEK 

1  Year. 

2  Years. 

3  Years. 

4  Years. 

5  Years. 

6  Years. 

Water 

Plant 

$0,045 
06 

$0,045 
03 

$0,045 
.02 
.04 

$0,105 

$0,045 
.015 
.04 

$0,100 

$0,045 
.012 
.04 

$0,045 
01 

All  other  expenses 

.04            .04 

.04 

Total  

80.145 

$0,115 

$0,097 

$0 . 095 

In  my  opinion  this  plan  will  often  enable  the  engineer  to  build 
cheap  and  safe  dams  where  it  would  be  impossible  to  build,  at  any 
reasonable  cost,  masonry  or  earth  dams. 

It  could  be  used  for  excavating  and  removing  all  classes  of  earth  or 
soil,  except  compact  pipe  clay.  For  constructing  or  building  up  em- 
bankments, it  cannot  be  advantageously  used  where  the  earth  for  con- 
structing the  proposed  work  contains  a  great  quantity  of  loam  or  clay; 
for  this  purpose  the  earth  should  contain  a  fair  percentage  of  gravel 
and  sand. 

The  cheapness  with  which  the  material  can  be  moved  by  this  system 
enables  the  engineer  to  use  a  much  greater  quantity  than  he  would 
think  of  doing  with  the  usual  expensive  systems. 

Based  upon  my  exi^erience,  I  think  a  safe  dam  can  be  made  of  sand 
or  on  a  sandy  foundation,  provided  suflBcient  thickness  is  given  to  it, 
so  that  the  head  of  the  water  will  be  neutralized  by  its  friction  in  pass- 
ing through  the  sand.  This  dam  will  undoubtedly  leak,  but  probably 
not  as  much  as  required  for  compensation  to  the  riparian  owners  on  the 
atream  below.  This  leakage  will  diminish  with  time,  owing  to  the  de- 
posit of  sediment  on  the  bottom  and  sides  of  the  reservoir.  This  deposit 
could  be  accelerated  to  any  desired  extent  in  the  proposed  plan  by  run 
niug  the  muddy  water  from  the  tiume  into  the  reservoir. 

Wherever  this  plan  can  be  adopted,  it  should  commend  itself  to  the 
engineer  for  several  reasons  : 
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First. — It  will  be  much  cheaper  than  the  earth  clam  constructed  in 
the  usual  manner — at  least  one-half  where  the  material  is  good;  and 
where  the  material  is  bad,  the  difference  would  be  still  greater,  prob- 
ably one-fourth. 

Second. — It  will  permit  the  construction  of  earth  dams  where  the 
material  is  so  bad  that  the  ordinary  dam  could  not  be  constructed. 

Third. — Owing  to  the  cheapness,  the  dam  could  be  made  much 
stronger. 

Fourth. — The  dam  will  not  settle  or  crack.  It  is  as  compact  and 
as  solid  at  the  beginning  as  it  can  be  made. 

Fifth. — As  it  will  not  settle  or  crack,  it  is  ready  for  use  as  soon  as- 
it  is  finished. 

In  the  proposed  plan,  there  is  nothing  new,  except  that  the  working 
head  of  120  feet  is  derived  from  jiumping  machinery  instead  of  gravity. 
This  makes  no  difference  in  the  result,  except  in  increasing  the  cost.  The 
prices  of  plant  named  in  this  paper  are  actual  bids  from  manufactiirers, 
with  a  guarantee  not  to  burn  more  coal  than  estimated.  In  every  other 
respect  the  jjlan  is  identical  Avith  that  which  has  moved  millions  of  tons. 
in  California,  at  a  cost  impossible  by  any  other  method. 


DISCUSSION. 

WrLLiAM  R.  HuTTON,  M.  Am.  Soc.  C.  E. — In  the  construction  of  the 
reservoir  of  Lac  d'Oredon,  in  the  Pyrenees  (France),  among  other  uses- 
of  water,  the  embankment  was  put  in  place  by  its  means.  A  wooden  box 
about  6x9  inches,  with  an  inclination  of  0 . 5  per  100,  was  placed  alongside 
the  railroad  upon  which  the  material  was  brought,  and  was  extended  as- 
the  work  progressed.  Two,  sometimes  three  car-loads  of  earth  (4.5  to 
6.5  cubic  yards)  were  dumped  over  the  end  of  the  box,  and  a  current  of 
water  (about  J  a  cubic  foot)  was  turned  into  it.  The  saturated  earth  was 
carried  forward  by  the  current,  and  down  to  the  base  of  the  embank- 
ment. Four  or  five  men  with  hooks  guided  the  large  blocks  of  stone 
towards  the  faces-  of  the  bank.  After  reaching  the  bottom  of  the  bank, 
the  water  flowed  off,  carrying  only  a  little  humus  and  some  very  fine 
sand.  After  a  few  minutes  the  material  settled  away  from  the  water,  and 
became  very  solid.  Every  space  between  the  stones  was  comj^actly  filled 
with  sand,  -making  a  perfectly  solid  bank. 
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PERMANENT  TRANSMITTING  DYNAMOMETER. 


By  Charles  A.  Smith,  M.  Am.  Soc.  C.  E. 
Bead  May  21st,  1884. 


In  the  fall  of  1879,  during  the  construction  of  the  machine  and  engine- 
room  of  the  Manual  Training  School  at  St.  Lonis,  the  author  suggested 
that  a  permanent  transmitting  dynamometer  should  be  made  in  connec- 
tion with  the  use  of  the  plant  for  experimental  purposes,  and  the  ma- 
chine of  which  a  rough  sketch  is  given,  was  built. 

The  type  selected  was  one  first  used  by  Horatio  Allen,  Hon.  M. 
Am.  Soc.  C.  E.,  in  the  experiments  with  steam  engines  at  the  Novelty 
Iron-works,  but  with  such  modifications  as  seemed  desirable.  As  it 
is  now  entering  the  seventh  year  of  almost  daily  service,  it  is  considered 
as  ha^'ing  established  itself. 

The  driving  shaft  of  the  engine  is  set  vertically  below  the  main  line 
shaft  of  the  building,  and  carries  a  driving  pulley  larger  than  that  on 
the  line  shaft. 

On  each  side  of  the  driven  pulley  are  two  journals  carrying  a  pair  of 
balance  beams  whicli  project  beyond  the  driven  pulley,  and  by  means  of 
journal  and  boxes  carry  two  loose  i^ulleys,  one  at  each  end. 

These  loose  pulley.s  are  so  set  that  the  belt  from  the  driving  wheel 
passes  vertically  to  and  from  it  under  the  driving  and  driven  wheels,  and 
over  the  loose  pulleys. 
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The  diflfei'ence  between  tlie  tension  of  the  belt  on  the  driving  and 
driven  sides  is  thus  carried  to  the  balance  beams,  which  are  kept  from 
moving  by  a  yoke  attached  to  a  sjDring  resting  on  the  floor  above.  The 
compression  of  this  spring  is  nsed  to  measure  the  tension  of  the  belt 
either  directly  or  by  the  aid  of  a  main  integrating  wheel  and  counter. 


This  form,  with  balance  beam,  is  readily  applied  for  permanent  or 
temporary  use.  In  the  latter  case,  sheaves  for  rope  would  be  advisable, 
as  taking  less  room  along  the  driven  shaft,  and  the  balance  beams  and 
driven  jJuUey  can  easily  be  made  of  the  width  usually  taken  by  a  belt 
pulley. 

The  theory  of  the  machine  is  so  easily  seen  that  it  will  not  be  intruded 
here.  By  taking  the  constants,  in  a  convenient  manner,  the  results  are 
easily  made  very  simple. 

The  vibration  is  about  that  of  a  friction  brake,  and  is  easily  con- 
trolled. 
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DATA  FOR  FLATTENING  THE  ENDS  OF  RAIL- 
ROAD CURVES. 


By  Albon  p.  Man,  Jr.,  M.  Am.  Soc.  C.  E. 
Read  November   19th,  1884. 


WITH  DISCUSSION. 


Assuming  a  curve  uniform,  except  the  flattened  ends,  as  most  scien- 
tific and  convenient  under  ordinary  circumstances,  and  tliat  this  flatten- 
ing is  only  for  the  purjaose  of  attaining  proper  elevation  without  inter- 
mediate improiier  elevation,  throw  of  trains,  etc.,  etc.,  the  following 
is  suggested : 

1.  That  the  ordinary  rules  for  flattening  curves  are  too  seldom  used, 
either  because  unsuited  to  the  most  important  places,  or  requiring  too 
much  calculation  or  work.  Eankine's  rules  give  two  diflferent  shifts  to 
the  same  cuiwe  if  the  change  at  either  end  is  not  alike,  as  when  to 
tangent  at  one  end  and  reverse  or  compound  at  other,  introducing 
thus  a  new  complication. 

2.  That  "Froude's  curve"  of  deflections,  as  the  eulie  of  distances 
(or  radii  inversely  proportionate  to  distance),  applied  to  a  curve  shifted 
towards  its  center,  is  reasonaldy  proper,  suitable  and  convenient. 

3.  Since  the  uniform  length  of  curve  of  adjustment  here  given  is 
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200  feet  (/.  e.,  100  feet  either  side  of  P.  C,  P.  C.  C,  or  P.  R.  C.*),  it 
is  assumed  that  all  curves  aud  tangents  are  at  least  200  feet  long,  and 
that  tangents  of  at  least  that  length  are  left  between  reversed  curvature 
(especially  where  the  degree  of  curvature  of  the  two  curves  added  to- 
gether exceeds  8  degrees),  and  this  is  always  practicable,  since  an  analysis 
of  any  alignment  will  show  that  such  a  tangent  can  always  be  attained 
by  but  a  slight  and  unimportant  variation  in  the  line. 

4.  Although  the  data  herewith  perhaps  give  more  than  necessary 
length  of  flattening  for  light  curves,  yet  the  invariable  length  of  200 
feet  is  chosen,  upon  the  basis  that  what  is  suited  to  6  or  8  degree  ciirves 
at  high  speed  will  satisfy  sharper  curves,  since  s^jeed  is  in  i^ractice 
reduced  on  such,  aud  that  what  is  j^racticable  for  sharp  curves  in  the 
adjustment  of  location,  will  be  easily  attainable  on  light  curves  without 
material  expense. 

5.  These  curves  are  deemed  adequate  for  a  speed  of  say  40  miles 
pev  hour  on  6  or  8  degree  curves,  and  60  miles  on  3  or  4  degree 
curves;  but  it  is  hardly  necessary  to  so  flatten  curves  of  more  than 
a  mile  radius,  or  curves  in  yards  or  other  places  where  trains  are  nec- 
essarily slow.  The  careful  adjustment  of  these  curve  ends  is  considered 
as  of  most  importance  on  trestles,  Ijridges,  or  where  the  track  is  not 
easily  readjusted  after  once  fixed. 

Explanations  and  Directions. 

1.  Shift  all  curves  throughout  their  length  radially  towards  their 
centers,  each  its  degree  of  curvature  multiplied  by  0.2909  of  a  foot, 
as  shown  near  bottom  of  Table  I.  These  curves  can  be  laid  out, 
using  the  same  deflections  as  for  original  curves,  but  a  chain  shortened 
from  the  usual  hundred  feet  as  shown  immediately  beneath  the  shift 
in  same  table.  In  such  case,  to  save  errors  on  account  of  difference  of 
chaining,  it  is  advisable  to  shift  all  the  points,  and  chain  the  curves 
towards  the  instrument. 

2.  Lay  oflf  100  feet  along  shifted  line  (or  tangent)  each  way  from 
original  P.  C,  P.  C.  C,  or  P.  R.  C,  as  the  case  may  be,  for  limits  of 
the  curve  of  adjustment. 

3.  From  tangent,  or  (if  compound  or  reversed  ciirve)  from  either 
shift  cux've  produced,  lay  oflf  deflections,  and  at  distances  as  shown  in 
table,  taking,  however  (if  both  curves  have  been  shifted),  for  compound 

*  p.  C ,  point  of  commencement,  or  end  of  curve;  P.  C.  C,  point  of  change  of,  or  com- 
pound curve;  P.  R.  C,  point  of  reverse  curve. 
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curve  the  cohimn  showing  difference  of  degree  of  two  curves,  and  for 
reversed  ciirve  the  cohiinn  showing  the  sum  of  degree  of  the  two 
curves.  If  preferred,  half  the  adjustment  curve  may  be  laid  off  from 
one  end  and  half  from  the  other,  using  only  the  first  half  of  the 
column. 

4.  In  case  of  other  curve  than  shown  in  the  table,  multiply  the 
column  for  1  degree  curve  by  the  degree  (and  fraction)  of  the  desired 

curve. 

5.  Centers  can  be  put  in  10,  20,  40  or  50  feet  apart  as  deemed  suffi- 
cient, or  at  intermediate  distances  on  trestles,  bridges,  etc.,  wherever 
necessary,  by  interpolation  in  the  table. 

6.  A  table  of  ordinates  5  feet  apart  is  added  for  more  correctly 
and  conveniently  setting  out  uniform  curves  from  their  hundred-foot 
chords. 

7.  Proper  elevation  for  speed  of  38  miles  per  hour  is  the  middle 
ordinate  of  60  feet  of  rail  on  any  curve  =  .078  of  a  foot  i^er  degree, 
or  ToV  oi  an  inch. 
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TABLE  No.  2. — Okdinates  of  UxiroRM  Cukyes— in  feet  and  decimals. 


Distances. 

Curve 
1  degree. 

2  degrees. 

3  degrees. 

4  degrees. 

5  degrees. 

6  degrees. 

6 

.0414 

.083 

.124 

.166 

.207 

.249 

10 

.0785 

.167 

.286 

.314 

.393 

.470 

1.5 

.111-2 

.222 

.334 

.445 

.556 

.667 

20 

.1396 

.280 

.420 

.558 

.698 

.838 

25 

.1636 

.327 

.490 

.655 

.818 

.980 

80 

.1832 

.366 

..550 

.733 

.916 

1.100 

35 

.1985 

.397 

.596 

.794 

.943 

1.190 

40 

.2094 

.420 

.628 

.838 

1.047 

1.256 

45 

.2160 

.432 

.648 

.864 

1.080 

1.296 

50 

.2182 

.436 

.655 

.873 

1.090 

1.310 

Distances. 

7  degrees. 

8  degrees. 

9  degrees. 

10  degrees. 

11  degrees. 

12  degrees. 

5 

.290 

.332 

.373 

.415 

.456 

.497 

10 

.550 

.628 

.707 

.785 

.864 

.942 

15 

.780 

.890 

1.000 

1.112 

1.224 

1.335 

20 

.977 

1.117 

1.256 

1.396 

1.536 

1.675 

25 

1.145 

1.310 

1.473 

1.636 

1.800 

1.964 

30 

1.293 

1.466 

1.650 

1.832 

2.016 

2.200 

35 

1.390 

1.588 

1.787 

1.985 

2.184 

2.382 

40 

1.466 

1.675 

1.885 

2.094 

2.303 

2.513 

45 

1.512 

1.728 

1.944 

2.160 

2.376 

2.592 

50 

1.527 

1.746 

1.964 

2.182 

2.400 

2.618 

Formulas  and  Exceptional  Cases. 

For  speed  of  40  miles  per  hour,  length  of  adjustment  cuive  is  equal 
to  25  to  30  times  degree  of  curvature  (sum  of  degrees  if  reversed  curve, 
difference  if  compound)— or  in  letters,  «  =  25  c  (or  c  +  c\  ov  c  —  c^).  .(1) 

Take  it,  however,  as  a  convenient  even  number,  then  the  shift  for 
each  curve  will  be  8  times  the  square  of  length  of  adjustment  curve, 
multiplied  by  degree  of  curvature,  divided  by 

^  ./-  C 


1  100  000;  or  s 


(2) 


1 100  000 

The  deflection  distance  {il)  of  adjustment  curve  at  any  point  distant 
.r  from  the  end  of  adjustment  curve  will  be 

4.V 


'/)  = 


s  (or  s  ±  .s' 


,(3) 


To  connect  with  an  adjustment  curve,  detached  curves,  or  curve  and 
straight  line  detached,  first  shift  the  curve  or  curves,  according  to 
the  table,  or  otherwise,  if  occasion  reciuire,  by  formulas,  so  as  to  allow 
of  flattening  other  ends.  Mark  point  where  two  lines  are  parallel- 
found  half  way  between  points  where  the  two  lines  are  equi-distant  from 
each  other.     Measure  the  distance  {/>)  between  lines  at  the  parallel  point. 
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The  ends  of  adjustment  curve  will  come  where  the  two  lines  are  4  b 
apart,  and  in  this  case  the  length  of  it  [a)  must  be  taken  as  it  comes, 
and  not  evened  as  above;  or  its  length  can  be  calculated  if  points 
distant  [I)  from  each  other  have  already  been  found  where  lines  are 

equi-distant  (e)— then  a  =  I       AJL (la) 

x  e  —  b 

4  b  x^ 
The  deflection  ((/)  at  any  distance  (.v)  is  found  from  (/;=  — ^ — .  .(3  a) 

This  last-above  method  will  apply  when  curves  in  reverse  direction 
have  less  than  200  feet  of  straight  line  connecting. 

In  case  of  curves  in  same  direction — intersecting  if  produced,  and 
not  admitting  of  connection,  by  200  feet  or  more  of  tangent — connect 
them  by  200  feet  or  more  of  lighter  curve  than  either,  then  shift  all 
three  curves  and  proceed  by  table.* 


DISCUSSION. 


W.  Howard  White,  M.  Am.  Soc.  C.  E, — A  very  simple  and  satisfactory 
way  of  easing  the  ends  of  curves,  which  may  be  novel  to  many  Members, 
■consists  in  shifting  the  whole  curve  a  uniform  distance  towards  its 
center — that  is,  reducing  its  radius — after  the  road-bed  is  ready  for  the 
track.  This  has  the  effect  of  prolonging  the  curve  at  each  end,  and  at 
the  same  time  of  easing  the  curvature  in  the  end  stations  of  the  original 
curve. 

Thus  for  a  5-degree  curve,  if  we  set  the  whole  curve  over  i  foot  to 
the  inside,  and  reduce  this  25  per  cent,  at  the  original  tangent  points, 
the  latter  will  have  0 .  38  foot  detiectiou  from  the  tangents.  Now,  if  the 
tangent  points  are  assumed  as  100  feet  from  the  old  ones  back  on  the 
tangents,  the  curve  will  begin  with  a  26-minute  curve  for  one  station. 
The  26  minutes  deflected  in  this  station  is,  of  course,  taken  out  of  the 
5  degrees,  which  would  otherwise  have  been  turned  in  the  next  100  feet, 
making  the  angle  in  the  same  4  degrees  34  minutes.  The  third  station 
lias  the  regular  deflection  of  5  degrees  (all  angles  referred  to  are  center 
angles). 

The  advantages  of  this  method  are  three -fold.     In  the  first  place,  it 

*The  above  formulas,  etc.,  are  partly  adapted  from  Kankine. 
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avoids  the  extra  work  of  i^utting  in  a  compound  curve  instead  of  a 
simple  one  on  given  tangents.  Secondly,  it  avoids  compounding  the 
curvature  of  the  located  line,  and  makes  it  much  easier  to  mark  the  line 
permanently  by  monuments  and  to  recover  it,  if  a  dispute  arises  as  to 
right-of-way  boundaries.  Thirdly,  the  track  lies  better  in  the  cuts  and 
fills  for  maintenance  when  thus  decentered. 

I  might  add  that  it  is  also  a  method  perfectly  applicable  to  easing 
curves  on  completed  lines  where  this  point  has  not  been  looked  out  for 
in  the  construction. 

The  correctness  of  the  third  point  of  advantage  gained  will  be  seen 
on  reference  to  the  following  figure.  In  A  the  track  is  represented 
shifted  as  here  recommended,  and  elevated  0.04  feet  per  degree  for  a 
10-degree  curve. 

lUcLsira/viij^  JJJfcct  oJ\S}uftir(rq  Cicnc  toTiojUcii  ilsHruZs 
\ 


The  center  of  tracks  is  moved  1  foot  towards  the  curve  center. 

The  outer  ends  of  the  ties,  with  the  assumed  elevation,  will  be  4 
inches  approximately  higher  than  the  center,  or  (with  1  foot  of  ballast 
under  the  ties  at  the  center)  will  lie  16  inches  above  the  road-bed. 
Distance  to  edge  of  ditch,  as  shown,  4  feet.  Slope,  3  to  1.  The  inner 
end  of  the  tie  is  8  inches  above  the  road-bed.  Distance  from  ditch,  2 
feet.     Slope,  3  to  1. 

So,  while  easing  curve,  we  equalize  ballast  slopes  in  cuts,  and  it  will 
be  readily  seen  that  the  same  applies  on  fills  equally. 

Of  course  with  stone  ballast  this  does  not  ajjply  equally,  but  still  it 
is  of  some  advantage  to  have  more  room  outside  of  the  tie  even  -with 
stone  ballast,  and  the  other  advantages  remain  the  same. 

As  to  the  amount  of  the  above  shifting,  it  will  be  perceived  that  the 
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basis  for  it  in  the  examples  given  is  1^  times  the  diflference  of  eleva- 
tiou  of  the  two  ends  of  the  tie,  or  about  2^  times  the  suiJer-elevation  of 
the  outer  rail. 

This  proportion  would  be  determined  exactly  by  the  width  of  road- 
bed, depth  of  ballast,  and  super-elevation  used,  if  one  wished  to  main- 
tain a  symmetrical  section  of  the  form  I  have  shown  at  A. 

I  prefer,  however,  to  use  about  double  this — giving  as  follows: 


1°  Curve. 

5°  Curve. 

IQo  Curve 

Shift  of  tracks 

.      0.20  feet 
.       0.15    " 

1.00  feet 
0.75   " 

2 .  00  feet 

Offset  of  tangent  point. 

1.50    " 

Angle  in  first  station  . . 

.          0310' 

0O51' 

1042' 

"      "  second     "     . . 

,      0O50' 

4°  9' 

8018' 

"      "  third        "     .. 

.       lo 

5° 

lOo 

I  have  shown  at  B  the  effect  of  this  shifting  for  a  lOdegree  curve 
with  the  same  elevation  as  before.  It  reduces  the  inner  ballast  slope  to 
li  to  1  with  the  given  road-bed,  and  if  the  outer  be  carried  up  3  inches 
on  the  tie  it  will  be  a  little  flatter  than  3  to  1. 

The  increased  amount  of  shifting  is  desirable  in  order  to  give  the 
entrance  curve  a  more  uniform  increase  of  curvature,  and  its  effect  on 
the  ballast  appears  to  me  not  undesirable,  since  the  outer  slope  should 
be  flatter  on  account  of  its  greater  liability  to  wash — from  carrying 
more  drainage — and  because  it  is  on  that  side  that  stability  against  side 
thrust  and  vertical  pressure  of  the  train  is  needed. 

The  curvature  in  the  second  station  of  my  tabulated  examples  is 
not  uniform.  The  angle  given  is  the  total  turned  in  the  station.  In 
reality  the  second  station  of  the  lO-degree  example  is  made  up  of  35 
feet  of  approximately  5-degree  curve,  and  65  feet  of  10  degree. 

In  curves  above  7  degrees  it  is  desirable  to  carry  the  easing  still 
further,  by  slightly  offsetting  the  first  station  on  the  tangent.  Curves 
eased  in  this  way  ride  remarkably  well. 

The  idea  of  easing  a  curve  by  offsetting  had  occurred  to  me  before 
I  knew  of  its  being  practiced  elsewhere,  and  I  first  applied  it  by  offset- 
ting the  whole  construction,  having  the  curved  stakes  moved  over  before 
the  slopes  were  staked  out. 

The  advantage  of  doing  it  on  the  completed  road-bed  was  first 
pointed  out  to  me  by  a  letter  on  the  subject  to  the  Railroad  Gazette, 
some  years  ago,  from  a  gentleman  whose  name  I  unfortunately  do  not 
remember. 
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This  method  is  particularly  applicable  to  the  relief  of  reversed 
•curves. 

Any  superintendent  who  has  one  of  these  railroad  racks  on  his 
division,  who  will  take  the  trouble  to  have  the  whole  of  each  of  the 
curves  moved  inward  and  the  track  well  lined  between,  will  probably  be 
astonished  at  the  improvement. 

A.  M.  Wellington,  M.  Am.  Soc.  C.  E. — In  the  Railroad  Gazette  of 
March  11th,  1881,  I  published  a  method  for  putting  in  transition  or 
connecting  curves  by  offsets,  which  gives  in  substance  the  same  curve 
as  that  proiiosed  by  Mr.  Man  and  Mr.  "White,  viz. :  a  cubic  parabola,  but 
in  which  the  method  used  was  somewhat  different,  and,  I  think,  prefer- 
able, requiring  no  shifting  of  the  circular  curve  after  it  was  once  run, 
but  running  it  in,  in  the  beginning,  at  an  offset  from  the  tangent,  after 
doing  which  a  few  stakes  only,  near  the  P.  C,  need  to  be  set  over  to 
comiDlete  the  transition  cul•^•e. 

This  method,  however,  like  that  of  Mr.  Man's  and  all  others  with 
which  I  am  familiar,  was  incomjjlete  in  this  :  that  it  required  a  certain 
fixed  offset  for  each  curve.  This  is  sometimes  difficult  to  secure  unless 
the  offset  is  (as  I  think  is  the  case  with  Mr.  Man's  method)  made  objec- 
tionably small ;  in  addition  to  which,  by  expanding  the  method,  so  that 
transition  curves  of  any  length  and  offset  may  be  used  with  any  curve, 
we  gain  the  great  advantage  that  nice  adjustment  of  the  line  to  the  topog- 
raphy of  the  country  is  greatly  facilitated,  and  much  time  save  din  con- 
necting new  and  old  lines  together  when  revisions  have  been  introduced. 
I  therefore  devised,  while  in  Mexico,  a  method,  which  was  extensively 
used  on  the  lines  under  my  charge  in  that  country,  for  using  any  tran- 
sition curve  which  the  topography  or  other  cause  made  most  convenient 
with  any  curve.  I  consider  this  the  preferable  system  by  far  for  using 
such  curves,  since,  so  far  from  adding  to  the  difficulties  of  the  field- 
work  of  location,  it  so  materially  reduces  them  that  it  is  easier  to  use 
transition  curves  than  not  to  use  them,  while  it  enables  us  to  use,  wher- 
ever circumstances  permit,  long  and  easy  transition  curves,  without  im- 
peding the  use  of  shorter  and  quicker  curves  when  necessary.  I  regret 
that  it  is  out  of  my  power  to  include  a  more  formal  description  of  this 
method  in  this  discussion,  but  I  hope  to  lay  it  before  the  Society  at  no 
distant  day,  contenting  myself  in  the  meantime  with  objecting  to  any 
method  which  requires  always  a  fixed  offset  as  inadequate  to  the  i-e- 
quirements  and  unnecessarily  limited. 
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Neither  do  I  consider  that  the  real  reasons  for  invariably  using  such 
curves  are  always  correctly  put.  An  incidental  advantage  of  them  is 
that  it  enables  the  elevation  of  the  outer  rail  to  be  always  in  correct 
ratio  (or,  at  least,  in  uniform  ratio)  to  the  radius  of  the  curve  at  each 
point,  while  passing  from  the  tangent  to  the  curve,  and  vice  versa;  but 
this  gain,  while  undoubted,  is  only  incidental  and  of  minor  importance. 
The  chief  purpose  of  such  curves  is  (1)  to  avoid  the  shock  incident  to 
the  almost  instantaneous  turning  of  the  truck  upon  the  center-pin,  and 
especially  the  sudden  jerk  to  the  wheel-base  of  the  locomotive  ;  and 
(2)  to  avoid  the  sudden  generation  of  great  centrifugal  force, 
with  its  attendant  lateral  jerk,  and  permit  this  force  to  be  gen- 
erated and  applied  gradually.  For  both  of  these  latter  purposes  the 
curve  can  never  be  too  long  ;  and,  therefore,  should  not  be  unnecessarily 
shortened  in  one  place  by  any  i^roerustean  rule,  because  it  may  be  essen- 
tial to  do  so  in  another  place.  As  a  general  rule  economy  of  construc- 
tion is  materially  promoted  by  the  use  of  easy  transition  curves,  for  the 
reason  that  they  are  apt  to  more  correctly  fit  the  natural  contour  in 
swinging  around  a  curve  or  a  hollow. 

My  attention  was  drawn  to  this  subject  many  years  ago,  by  observing 
how  absolutely  invariable  a  rule  it  is,  on  old  track  in  good  condition,  to 
find  that  the  trackmen  have  extended  the  curve,  as  the  engineer  left  it„ 
back  on  to  the  tangents,  usiially  for  two  or  three  hundred  feet,  by  throw- 
ing the  line  inward  at  the  tangent  point,  thus  necessarily  sharpening 
the  curve  somewhat  at  some  point  beyond  the  tangent  point,  but  accom- 
plishing the  far  more  important  end  of  easing  the  approach.  This  has 
been  found  essential  by  all  trackmen  to  obtain  easy  riding  track,  and 
on  hundreds  of  old  curves  whose  existing  alignment  I  have  determined 
I  have  never  found  it  absent.  The  same  phenomenon  has  been  observed 
by  many  other  engineers  on  other  roads,  and  accordingly  it  is  among 
the  engineers  of  lines  in  operation  that  we  find  the  greatest  efforts  made 
to  introduce  such  curves,  while  engineers  who  have  been  engaged 
chiefly  or  wholly  on  construction  are  apt  to  regard  them  as  a  rather 
pedantic  refinement.  I  shall  endeavor  to  avail  myself  of  an  early  oppor- 
tunity to  lay  the  method  I  have  referred  to  before  the  Society. 
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ON  CRANES  AS  LABOR-SAVING  MACHINES. 


By  C.  J.  Appleby,  M.  Inst.  C.  E. 
Era-D  October  17th,  1883, 


WITH  DISCUSSION. 


As  a  well-constructed  crane,  or  other  similar  power  machine  requir- 
ing one  man  to  drive  it,  will  not  only  do  as  much  work  as  can  be  done  by 
ten  men  performing  similar  work  by  manual  power,  but  in  one-tenth  of 
the  time  they  would  require,  it  seems  singular  that  railroad  and  water- 
side depots  should  so  rarely  be  laid  out  with  a  view  to  the  immediate  or 
ultimate  employment  of  labor-saving  machines  of  this  kind.  The  result 
of  this  is,  that  when  the  pressure  of  increasing  traffic  comes,  as  it  nearly 
always  does,  expedients  have  to  be  resorted  to  and  expense  incurred, 
both  of  which  might  have  been  avoided  if  proper  provision  had  been 
made  in  the  first  instance. 

These  remarks  apply  with  equal  force  to  workshops,  and  to  many 
works  of  construction,  where  the  time  and  cost  of  handling  materials  is 
always  a  most  important  element. 

Using  the  word  "crane"  as  a  short  and  convenient  term  for  almost 
any  kind  of  lifting  machinery  which  may  be  generally  used  under  the 
conditions  above  referred  to,  the  considerations  which  seem  to  present 
themselves  are: 
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First. — As  to  the  best  mode  of  applying  or  transmitting  power;  and 

Second. — Wlietlier  machinery  of  this  kind  should  be  fixed,  or,  as  far 
as  possible,  portable. 

It  may  be  well  here  to  call  attention  to  the  self-evident  fact,  that  the 
most  economical  working  result  is  obtained  from  machines  Avhich  are  so 
arranged  that  when  they  take  hold  of  the  load  it  is  not  released  until  it 
has  been  deposited  where  it  is  required — such  as  from  ship  to  car,  or  the 
reverse;  from  car  to  van  for  distribution;  or,  in  workshops,  from  the 
machine  to  the  erecting  floor,  and  so  on. 

The  question  of  transmission  of  power  has  been  referred  to  in  some 
papers  read  before  the  Institution  of  Civil  Engineers  (England),  and  in 
the  Transactions  of  some  of  the  technical  societies  on  the  Continent  of 
Europe,  but,  so  far  as  the  writer  knows,  the  subject  has  never  been 
exhaustively  treated,  although  those  who  have  been  engaged  in  crane 
construction  possess  a  considerable  amount  of  information  as  to  the 
conditions  under  which  the  different  systems  can  be  most  economically 
employed. 

The  systems  of  transmitting  or  applying  power  are: 

1.  The  well  known  hydraulic  system,  with  pressure  pumps,  accumu- 
lator and  distributing  pipes. 

2.  Compressed  air  distributed  through  pipes. 

3.  Steam,  distributed  as  above. 

4.  High-speed  rope,  or  "endless  cotton  cord,"  which  runs  at  a  speed 
of  5  000  to  6  000  feet  per  minute. 

5.  Low-speed  rope,  running  1  500  to  2  000  feet  per  minute. 

6.  Square  shaft  supported  on  tumbler  bearings. 

7.  Steam  from  a  boiler  delivered  on  the  top  of  a  piston,  with  multi- 
lily  ing  chains  similar  to  the  hydraulic  system. 

8.  Boiler  and  engine  fixed  on  the  crane,  and  driving  gear  for  the  sev- 
eral motions  reqiiired. 

A  consideration  of  these  systems  will  lead  to  the  conclusion  that 
those  numbered  1,  2  and  3  can  only  be  applied  to  fixed  cranes,  or  to 
such  as  have  to  be  moved  over  a  very  limited  area. 

It  will  be  evident  that  the  arrangements  enumerated  under  Nos.  4,  5 
and  6  will  transmit  power  over  a  very  large  area,  but  it  should  be  rect- 
angular, or  nearly  so;  hence  the  use  of  this  system  has  been  limited 
to  working  overhead  traveling  cranes,  driving  caj^stans,  and  a  few  other 
and  similar  puri:)0ses. 
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The  only  system  which  can  be  used  universally,  wherever  there  is  a 
railway  track,  is  that  referred  to  under  No.  8. 

The  hydraulic  system  possesses  indisputable  advantages  over  com- 
pressed air  or  steam,  and,  although  there  are  some  drawbacks,  it  has 
been  so  extensively  and  successfully  used,  that  the  objections  againstit 
go  for  very  little  when  considerations  of  climate  need  not  be  taken  into 
account.  Experience  in  countries  where  the  cold  is  far  less  severe  than 
it  is  in  the  busy  parts  of  this  continent,  points  to  the  conclusion  that 
the  common  use  of  hydraulic  power  will  be  attended  with  considerable 
inconvenience  when  winter  begins  to  set  in. 

Compressed  air  has  been  used  under  very  widely  differing  conditions, 
but  it  is  considered  by  many  to  be  a  somewhat  expensive  mode  of  trans- 
mitting power.  There  seems  no  reason  why  it  should  be  much  more 
costly  than  hydraulic  power,  but,  as  a  matter  of  fact,  its  use  has  been 
abandoned  in  many  eases. 

Steam  is  rather  largely  used  for  working  warehouse  hoists,  capstans, 
cranes,  etc. ,  and  it  is  common  to  carry  it  through  1  000  feet  of  pipe 
without  further  inconvenience  than  that  incidental  to  the  heat  radiated 
from  the  pipes,  and  to  the  slight  condensation  which  is  inevitable,  how- 
ever well  the  pijies  may  be  protected. 

The  high-si^eed  cotton  cord,  as  introduced  and  so  successfully  used 
by  Mr.  Kamsbottom,  runs  at  a  speed  of  5  000  to  6  000  feet  per  minute. 
As  is  weU  known,  the  cord  works  in  V-grooved  j)ulleys,  very  accurately 
turned  and  balanced,  the  power  being  transmitted  from  one  end  of  a 
building  or  shop.  The  cord  is  carried  on  rollers,  or  other  supports,  at 
intervals  of  10  to  25  feet,  passes  over  grooved  pulleys  on  the  machine  to 
be  driven,  and  finally  over  another  grooved  pulley,  which  is  weighted  so 
as  to  keep  the  cord  in  tension,  and  thus  give  the  power  required  for 
working.  The  cost  of  the  cotton  cord  is  often  considered  a  serious 
item;  but  i)robably  the  wear  and  tear  complained  of  is  due  far  more  to 
negligence  in  fixing  the  sujaports,  or  to  maintaining  these  high-speed 
bearings,  than  to  any  defect  inherent  in  the  design.  In  some  cases  the 
different  motions  are  taken  from  the  cord,  which,  in  that  case,  takes  the 
place  of  the  shaft,  as  shown  in  Plate  No.  XV.  But  the  writer  believes 
the  latter  is  better  construction,  and  but  little  more  costly.  It  will  be 
understood  that  all  cranes  of  this  type  are  worked  by  one  man,  whether 
they  be  5  or  50  tons  power. 

Low-speed  rope  transmission  differs  from  that  last  described  only  in 
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tlie  speed  of  the  rope,  wliich  is  1  500  to  2  000  feet  per  minute.  Any  good 
hemp  rope,  usually  1  inch  to  1^  inches  diameter,  answers  every  purpose, 
and  if  fairly  well  looked  after  will  last  a  long  time;  but  it  is  desirable  to 
change  the  ropes  at  intervals  of  one  to  two  years.  The  speed  is  sufficient 
to  give  the  necessary  driving  power,  but  evidently  the  tightening  gear 
must  be  heavier  and  stronger  than  that  required  for  the  higher  speed 
roi^e  or  cord. 

The  square  shaft  (Plates  Nos.  XVI  and  XVII)  has  been  used  for 
many  years,  but  to  a  less  extent  than  it  might  have  been,  owing  to  the 
difficulty  exi:)erienced  in  projjerly  supporting  the  long  line  of  main  driv- 
ing shaft  from  which  all  the  motions  are  transmitted.  There  have  been 
many  devices  for  overcoming  this  difficulty,  but  probably  none  of  them 
fulfill  the  requisite  conditions  so  completely  as  that  shown  in  Plate  No. 
XVII.  There  is  a  striker  plate  on  the  end  cradle  of  the  traveler  which 
causes  the  strut  to  fall  into  the  position  shown.  The  curved  bearing 
bracket  is  hung  on  a  pin  and  follows  the  straight  arm  until  the  driving 
piilley  or  geared  wheel  (as  the  case  may  be)  has  passed  over  the  bracket. 
The  other  end  of  the  striker  plate  then  restores  the  bracket  into  its 
original  position  so  that  only  one  bearing  can  be  down  at  any  one  time; 
the  main  shaft  being,  in  the  meantime,  supijorted  by  the  sleeve  through 
which  it  has  to  pass. 

The  question  as  to  the  relative  advantage  of  rope  and  shaft  transmis- 
sion is  natixrally  very  largely  influenced  by  local  circumstances.  As  a 
general  rule,  but  one  open  to  many  excej^tions,  the  I'oi^e  system  costs 
less  and  is  better  than  the  square  shaft  where  the  distance  for  transmit- 
ting power  exceeds  about  200  feet.  Below  that  distance  the  shaft  is 
probably  the  best,  and  certainly  the  cheapest.  But  machinery  has  often 
to  be  driven  at  different  levels  or  at  an  angle  with  the  point  from  which 
the  motive  power  is  transmitted.  In  such  cases  the  rope  possesses  mani- 
fest advantages,  because  it  can  be  carried  by  guiding  pulleys  in  any 
direction  required,  one  set  of  driving  gear  and  one  tightening  apparatus 
sufficing  for  a  great  length  of  rope. 

The  steam  crane  refen-ed  to  under  system  No.  7,  is  that  known  as  the 
"  steam  hydraulic"  system,  and  is  worthy  of  mention  as  one  of  the  modes 
in  which  power  has  been  applied  to  portable  cranes.  The  construction 
generally  resembles  that  of  the  well  known  hydraulic  crane,  with  multi- 
plying chains,  etc.,  steam  taken  from  a  boiler  on  the  revolving  platform 
being  used  instead  of  hydraulic  pressure.     It  has  found  but  little  favor 
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•with  users  of  such  machinery,  and,  so  far  as  this  country  is  concerned, 
it  seems  ojien  to  much  the  same  objection  as  has  been  suggested  with 
reference  to  the  use  of  hydraulic  power  in  cold  weather. 

The  type  of  crane  most  universally  employed  under  widely  differing 
conditions,  is  that  illustrated  in  Plates  Nos.  XVIII,  XIX  and  XX,  prob- 
ably because  machines  of  this  type  perform  more  functions  than  can  be 
obtained  from  any  other  mechanical  arrangement  applied  to  lifting  and 
placing  loads  in  any  desired  position.  All  cranes  of  this  kind  should  lift 
and  turn  round  by  steam  power.  That  in  Plate  No.  XIX  has  additional 
motions  for  altering  the  radius  of  the  jib,  and  for  traveling  along  the  track, 
also  capstans  attached  to  the  under  carriage.  These  capstans  are  used 
for  hauling  materials  so  as  bring  them  within  the  radius  described  by  the 
jib  of  the  crane,  or  for  drawing  up  emjjty  and  shunting  loaded  cars,  thus 
dispensing  with  the  use  of  locomotive,  horse  or  manual  power,  which,  in 
the  absence  of  this  appliance,  would  be  required.  Machines  of  this  type 
are  made  from  2  to  10  tons  power,  and  they  possess  the  advantage  of 
each  being  self-contained  and  complete  in  itself,  so  that  the  number  may 
be  indefinitely  increased,  as  and  when  required;  they  can  also  be  dis- 
tributed or  concentrated  to  meet  the  exigencies  of  traiJic  for  the  time 
being. 

As  regards  fixed  cranes  for  loading  and  discharging  ships,  we  fre- 
quently see  one-third,  or  even  one-half,  of  the  total  number  of  cranes, 
erected  at  a  large  cost  at  intervals  along  a  dock  or  basin,  entirely  idle, 
and  a  considerable  length  of  quay  unoccupied,  simply  because  certain 
ships  have  had  to  be  berthed  in  such  a  way  that  the  largest  number  of 
cranes  can  be  concentrated  on  them.  This  is  obviously  due  to  the  fact 
that  when  the  positions  of  the  cranes  were  decided,  it  was  imjjossible  to 
foresee  what  length  of  ships  would  be  berthed  ojaposite  to  them,  the 
distance  between  hatchways,  and  so  on.  It  would,  thei'efore,  seem  that — 
for  a  given  outlay — the  greatest  duty  will  be  obtained  from  cranes  which 
can  be  moved  to  any  place  where  their  services  are  ret^uired. 

A  very  successful  arrangement  is  where  two  or  more  railroad  tracks 
run  parallel  with  the  water  frontage,  and  where  the  cranes  are  of  the  type 
shown  in  Plate  No.  XXI;  these  discharge  from  the  shij)  into  the  cars  or 
to  a  depot  beyond. 

It  will  generally  be  convenient  to  make  the  gantry  to  span  two  lines 
of  track,  allowing  clearance  for  the  highest  vehicle  usually  passing  under 
it,  the  rails  on  which  the  structure  travels  being  oiitside  the  car  tracks. 
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By  this  means  the  quay  space  immediately  adjoining  the  water,  ahvays 
the  most  valuable,  and  usually  the  most  costly,  is  practically  not  tres- 
l^assed  upon.  Cranes  of  this  type  are  generally  of  3, 5  or  7  tons  power; 
for,  although  the  bulk  of  the  packages  to  be  handled  will  be  less  than 
one  ton,  considerable  strength  is  required  in  the  revolving  bed,  etc.,  to 
withstand  the  strains  incidental  to  a  radius  of  30  feet,  or  even  more,  which 
is  often  necessary  for  delivering  the  load  from  one  point  to  the  other 
without  rehandling.  It  is  obvious  that  if  a  few  connections  are  put  in 
between  the  two  tracks,  either  may  be  used  for  loaded  or  empty  trucks, 
and  so  facilitate  removal  and  marshaling.  It  will  be  observed  that  the 
radius  of  the  jib  can  be  adjusted  to  reach  the  center  of  the  hatchway ; 
this,  with  the  facility  of  moving  along  the  track  (both  oiserations  being 
performed  by  the  driver),  enables  him  to  place  the  crane  in  such  a  posi- 
tion that  the  jib  will  clear  the  rigging  when  revolving.  The  capstans  at 
the  foot  of  the  main  framing  are  driven  by  the  engine,  and  are  used  for 
hauling  trucks  as  already  described.  The  convenience  of  the  driver 
being  at  a  sufficient  height  to  have  a  clear  view  of  his  work,  notwith- 
standing the  rise  and  fall  of  tide  and  variations  in  the  height  of  the  ship 
above  water  line  as  she  becomes  lighter,  recommends  this  system  for  use 
under  many  conditions.  Several  modifications  have  been  used,  such  as 
having  an  overhead  road  on  which  the  crane  travels.  In  some  cases  this 
has  been  made  of  wide  span  and  the  crane  has  traveled  transversely  as 
well  as  longitiidinally.  But  the  circumstances  under  which  these  motions 
are  requisite  do  not  often  arise. 

Plate  No.  XXII  shows  a  mode  of  discharging  and  loading  ships  which 
may  often  save  a  considerable  outlay — as  it  did  in  the  case  for  which  that 
design  was  made— for  dredging  and  for  better  foundations  than  are  re- 
quired for  merely  carrying  loaded  cars.  The  crane  is  fixed  at  one  end 
of  a  craft  of  sufficient  beam  to  give  the  required  stability  when  the  jib  is 
at  a  right  angle  with  the  length  of  the  craft,  the  other  end  being  used  as 
a  store  and  for  sorting  for  different  destinations. 

Floating  cranes  of  large  power,  such  as  are  illustrated  by  Plates  Nos. 
XXIII  and  XXIV,  are  less  used  than  they  might  be,  although  it  seems 
probable  that  a  larger  duty  will  be  obtained  from  them  than  from  fixed 
cranes  of  similar  power.  Where  there  is  ample  space  for  manoeuvring, 
the  arrangement  shown  in  Plate  No.  XXII.  answers  every  purpose;  but  for 
use  in  docks,  or  where  space  is  limited,  the  design  in  Plate  No.  XXIII 
is  certainly  more  convenient.  They  are  made  up  to  60  tons  power,  and 
this  might  be  exceeded  if  required. 
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Locomotive  cranes,  Plate  No.  XX,  are  made  of  varying  power?,  from 
10  to  25  tons,  and  it  will  scarcely  be  necessary  to  point  out  how  iisefully 
they  may  be  employed  about  foundries,  railway  repairing  shops  and 
similar  works,  and  they  are  also  available  for  use  in  case  of  accident  on 
any  part  of  the  line.  It  will  be  seen  that  the  motions  are  similar  to 
those  of  the  crane  shown  in  Plate  No.  XIX,  and  it  may  be  well  to  men- 
tion that  light  work  can  be  done  at  high  speeds,  these  being  arranged 
to  coincide,  as  far  as  possible,  with  the  time  requisite  for  handling. 
The  nnder-carriage  is  always  made  to  suit  the  rest  of  the  company's 
rolling  stock,  that  shown  in  the  diagram  being  for  a  railway  on  the 
Continent  of  Europe. 

As  regards  terminal  freight  stations,  the  arrangements  differ  so  widely 
that  no  general  rule  can  be  established;  but,  so  far  as  the  writer's  obser- 
vation goes,  the  greatest  economy  in  time  and  cost  has  been  achieved 
in  depots  where  the  platforms  are  rather  narroAv,  and  have  fixed  cranes 
so  spaced  that  one  will  reach  to  the  center  of  two  cars.  There  are 
similar  cranes  on  the  other  side  of  the  i^latform,  by  preference  so  placed 
that  the  jibs  will  intersect  the  circles  described  by  those  of  the  cranes 
on  the  opposite  side.  By  this  arrangement  there  is  a  better  chance  of 
separating  merchandise  for  different  destinations,  and  the  labor  inci- 
dental to  separating  it  is  proportionately  reduced.  Whether  the  cranes 
should  be  worked  by  hand  or  by  power  depends  almost  entirely  on  local 
conditions,  but  as  the  bulk  of  such  merchandise  consists  of  compara- 
tively light  packages,  probably  in  most  cases  an  inexpensive  hand-power 
crane,  such  as  that  indicated  by  Plate  No.  XXV,  will  answer  every  pur- 
pose. These  cranes  command  the  center  of  the  open  cars,  and  reach  to 
the  center  of  the  doors  of  box  cars.  The  labor  of  "  breaking  down  "  in 
the  latter  and  landing  the  merchandise  on  the  platform  or  on  a  plank 
between  the  car  and  the  platform  is  found  to  involve  far  less  labor,  and 
is  done  by  cranes  in  less  time  than  is  occupied  by  trucking.  But  these 
remarks  apply  exclusively  to  depots  which  have  been  designed  with  a 
view  to  the  use  of  mechanical  appliances,  and  where  the  general 
arrangements  have  been  made  to  suit  them. 

The  duty  performed  by  these  appliances  varies  according  to  the 
nature  of  the  material,  but  the  working  speed  of  a  well-constructed  crane 
being  far  in  excess  of  the  speed  at  which  the  loads  can  be  brought  within 
range  of  the  jib,  it  is  this  that  regulates  the  output,  not  the  working 
speed  of  the  crane. 
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As  much  as  80  tons  per  hour  have  been  lifted  a  height  of  20  to  30  feet, 
and  dejDosited  at  a  distance  of  60  feet  from  where  it  was  taken  up,  the 
loads  being  H  to  2  tons  each.  But  men  could  not  handle  continuously 
at  that  speed,  and  40  tons  per  hour  is  considered  a  large  duty.  The 
crane  was  of  the  type  shown  in  Plate  No.  XYIII.  A  similar  crane  com- 
monly delivers  240  barrels  of  oil  per  hour  under  similar  conditions  as  to 
height  of  lift,  etc.  The  cost  of  working  is  one  driver's  wages,  a  few 
hundred  pounds  of  coal  per  day  for  each  crane,  some  oil,  wijiings,  etc. 
Five  per  cent,  per  annum  is  an  ample  allowance  for  depreciation. 

Many  illustrations  of  the  advantage  of  being  able  to  concentrate 
crane  power  might  be  given,  l)ut  two  will  suffice.  Three  cranes  of  the 
type  shown  in  Plate  No.  XXI  discharged  a  steamer  carrying  2  000  tons  of 
hematite  ore,  and  loaded  her  with  1  200  tons  of  wrought-iron  pier-work 
in  less  than  thirty-six  hours.  In  another  case  two  cranes,  similar  to 
that  shown  in  Plate  No.  XYIII,  loaded  up  2  000  tons  of  cast-iron  pipe 
on  railway  cars  in  less  than  forty  hours. 

The  cost  of  this  system  of  working,  as  compared  with  manual  labor, 
is  easily  ascertained;  but  it  Avould  be  difficult  to  estimate  at  its  proper 
money  value  the  larger  gain  arising  from  the  increased  carrying  capacity 
obtained  from  a  given  quantity  of  rolling  stock,  or  from  a  given  tonnage 
of  ships,  and  from  passing  a  larger  quantity  of  merchandise  through  the 
depot  or  dock.  Evidently  the  same  conditions  apply  to  workshops, 
or  any  place  where  large  quantities  of  materials  have  to  be  handled. 

The  machines  referred  to  in  this  paper  have  been  designed  under 
the  writer's  immediate  supervision,  and  have  been  made  by  his  firm. 


DISCUSSION. 


C.  E.  Emery,  M.  Am.  Soc.  C.  E. — This  paper  is  a  revelation  in  a  de- 
partment which  has  not  been  developed  in  this  country  as  yet.  The 
more  general  introduction  of  labor-saving  machines  of  this  character 
will  enable  us  to  transmit  freight  at  a  saving.  One  reason  the  crane  is 
used  in  railroad  work  in  England,  is  that  their  cars  are  covered  Avith 
tarpaulins,  which  gives  a  very  great  advantage,  as  the  cranes  can  be 
swung  over  the  cars.  On  account  of  our  system  of  putting  everything 
inside  box  cars,  we  have  to  pay  extra  for  the  transmission  of  freight 
into  and  out  of  the  cars. 
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Egbert  Cartwkight,  M.  Am.  Soc.  C.  E. — I  would  ask  Mr.  Appleby 
whether,  as  a  labor-saving  material,  hemp  is  better  than  cotton  ? 

C.  J.  AppiiEBY,  M.  Inst.  C.  E. — As  to  its  being  a  better  material, 
I  hardly  know  in  what  sense  you  mean.  Do  you  mean  cheaper,  or  its 
capacity  to  do  better  work  ?  The  cotton  rope  does  very  well,  but  a 
more  satisfactory  thing  is  a  good  hemp  rope.  If  you  use  a  steel  rope, 
the  cost  would  be  greater  than  that  of  hemp  for  a  given  period. 

Robert  Caktwright,  M.  Am.  Soc.  C.  E. — Then  you  think  the  hemp 
rope  is  better  than  the  cotton? 

Mr.  Appleby. — I  have  not  used  cotton  except  of  f-inch  diameter. 
I  have  never  used  cotton  rope  more  than  f-inch,  and  I  have  not  found  it 
more  suitable  than  hemp.  The  cotton  rope  costs  more  with  us.  I  don't 
know  how  it  may  be  here. 

Mr.  Cartwkight, — It  is  only  the  best  cotton  rope  that  would  do. 
And  speaking  of  that,  the  best  is  the  cheapest.  If  a  cotton  rope  costs  so 
much  per  pound,  but  lasts  longer  than  the  steel  rope,  at  the  end  of  ten 
years  the  cotton  is  the  cheapest. 

Mr.  AppiiEBY. — To  use  a  metallic  rojDe  you  want  to  have  a  pulley  cor- 
responding with  the  diameter  of  the  rope  you  are  using.  We  get 
a  fair-sized  pulley  ;  but  where  you  have  to  deal  with  overhead  traveling 
cranes  you  have  to  consider  the  question  of  head  room.  You  can't  afford 
to  sacrifice  much  in  the  diameter  of  the  pulleys.  But  the  best  result 
from  a  metallic  rope  of  any  kind  has  been  with  the  drum. 

Mr.  Cartwright. — You  can't  drive  that  at  very  high  speed. 

James  Platt. — Mr.  Chairman,  I  am  called  on  for  my  views  by  my 
friend,  Mr.  Appleby,  and  I  must  say  at  the  outset  that  all  my  sympathies 
have  been  with  the  hydraialic  system.  Mr.  Appleby's  house  has  made 
a  larger  number  and  a  greater  variety  of  cranes  than  any  other  house 
in  our  little  island.  For  many  purposes  I  would  prefer  the  square 
shaft  where  the  length  admits  of  it — say  300  feet.  In  case  the  rope  is 
5  000  or  6  000  feet,  the  cotton  rope  is  best,  but  the  diameter  should  be 
limited  to  1-inch.  We  have  cotton  ropes  j-inch  in  diameter.  They 
are  doing  very  well.  The  cotton  rope  is  undoubtedly  better  for  high 
speed  than  hemp.  Cotton  is  more  simple.  I  believe  that  bearing  pul- 
leys of  wood  with  iron  bushes  are  best. 

I  believe,  for  places  under  cover,  that  the  hydraulic  system  will  be 
eventually  tried  in  this  country.  There  is  still  a  very  great  scope  for 
hydraulic  cranes.     I  spent  six  months  here  last  year  and  was  very  much 
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surprised  to  see  so  many  workshops  and  depots  witliout  cranes,  but  no 
doubt  you  "will  come  to  it,  and  you  have  an  ilhistration  here  to-night 
of  the  best  plan  adopted  in  our  country.  We  employ  steel  wire  rope 
for  very  many  purposes.  For  driving  cranes,  etc.,  it  does  well,  but 
unless  very  great  care  is  taken  of  the  pulley,  you  do  a  great  deal  of 
damage  to  the  rope  in  a  short  time,  and  altogether  it  is  not  so  good  as 
cotton.     As  to  hemp  rope,  we  use  i-inch  at  600  feet. 

Mr.  Cartweight. — I  would  like  to  ask  a  question  in  relation  to  the 
square-shaft  transmission.     How  long  have  you  had  it  in  actual  use  ? 

Mr.  Appleby.  — 350  feet, 

Mr.  Caetweight. — When  I  si)eak  of  length,  I  mean  the  life  of  the 
shaft.  How  many  years  had  you  them  in  operation  ?  This  question 
will  lead  up  to  what  I  want  to  get  at. 

Mr.  AppiiEBT. — Well,  I  really  don't  know  just  at  this  moment,  but  I 
should  think  about  twenty  years.     How  long  does  a  round  shaft  wear  ? 

Mr.  Cabtwright. — We  do  not  permit  it  to  wear  out;  we  replace  it 
with  another. 

Mr.  Appleby.— There  is  no  difference  between  that  and  any  other 
shaft,  if  properly  proportioned.  There  is  practically  none.  The  great 
advantage  of  this  particular  system  is  that  it  doesn't  matter  about  the 
length  between  bearings.  You  can  have  them  2  or  3  feet  longer — any 
length  you  please — so  that  you  can  support  your  shaft  to  any  extent 
you  please.  The  life  of  the  shaft  depends  upon  the  bearings.  In  this 
case  I  think  you  may  put  it  down  that  the  life  of  the  shaft  will  be  the 
same  as  any  other  transmission  shaft  which  is  proi:)erly  proportioned. 
We  have  had  a  shaft  running  for  forty  years  and  it  is  running  now. 

I  wish  to  say  with  reference  to  the  question  you  have  asked  me 
about  the  life  of  the  shaft,  that  I  have  not  seen  more  than  350  feet  of 
square  shaft  used,  but  that  statement  would  probably  mislead  if  I  did 
not  tell  you  that  with  that  shaft,  after  very  hard  work,  it  was  wonderful 
to  see  how  it  was  twisted.  Mr.  Piatt  speaks  of  300  or  400  feet  as  the 
length  of  the  shaft.  I  do  not  agree  with  him,  though  his  experience, 
and  the  intelligence  he  has  brought  to  bear  upon  the  question  of  hy- 
draulic t7-ansmission,  has  contributed  more  than  anything  else  to  the 
success  which  the  system  merits;  but  I  would  rather  put  it  at  200  feet, 
and  I  think  the  rope  is  cheaper  and  probably  better  for  the  long  trans- 
mission— certainly  cheaper. 

Theodoee  Coopee,  M.  Am.   Soc.  C.  E. — The  only  crane  I  know  of 
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worked  by  the  square  shaft  is  at  the  Dickson  Manufacturing  Company, 
of  Scranton,  Pa.  I  was  there  recently  and  made  an  examination  of  that 
crane.  Its  mechanism  is  very  excellent.  They  have  there  a  square 
shaft  200  feet  long.  They  can  carry  25  tons  from  one  machine-shop  to 
the  other. 

I  would  like  to  ask  Mr.  Piatt  in  regard  to  the  hydraulic  system.  Is 
it  not  an  intricate  method  as  compared  with  a  direct  use  of  power  ?  Of 
course  I  acknowledge  that  for  certain  purposes  the  hydraulic  system  is 
good.  But  for  general  application  is  it  not  very  complicated  ?  Steam 
is  applied  to  the  pumps — water  is  pumped  to  the  accumulator,  thence 
conducted  to  the  crane.  Can  this  system  of  transmitting  power  be  the 
best  and  most  economical  ? 

Mr.  PiiATT. — In  speaking  of  the  square  shaft,  perhaps  I  have  in  my 
mind,  when  I  say  300  feet,  where  four  shafts  are  in  one  piece.  If  a 
shaft  is  large  enough  to  do  the  work  it  can  be  carried  to  that  length, 
but  at  that  length  the  rope  is  as  good  as  the  shaft.  In  regard  to  hy- 
draulic transmission,  the  distinction  is  that  you  generate  your  power 
where  you  get  a  high  duty  of  90  per  cent.  In  carrying  that  power, 
there  is  less  loss  in  carrying  high-pressure  water.  This  is  the  distinc- 
tion. In  these  cranes  you  have  your  rope  running  all  the  time,  in  the 
hydraulic  system  you  only  use  the  power  in  lifting  and  none  in  lower- 
ing. But  in  the  power  cranes  you  have  all  the  time  the  power  passing 
through  the  rope  or  shaft. 

Mr.  Cooper. — How  much  do  you  have  to  multiply  ?  Don't  you  lose 
power  ? 

Mr,  Platt. — No.  If  we  multiply  three  times  we  have  a  certain  pro- 
portion of  cylinders.     If  we  multij^ly  four  times  we  get  less. 

W.  G.  Hamilton,  M.  Am.  Soc.  C.  E.— What  do  you  use  in  cold 
climates  ? 

Mr.  PiiATT.— We  put  in  glycerine. 

E.  L.  Habris,  M.  Am.  Soc.  C.  E. — I  might  mention  that  there  are 
some  beautiful  hydraulic  cranes  at  the  Cleveland  Steel  Works. 

Mr.  Cooper. — I  think  you  will  have  to  keep  the  water  warm.  Glyc- 
erine will  prevent  freezing,  but  there  is  sure  to  be  leakage.  My  ex- 
perience has  been  this :  that  with  portable  riveters  five  hours  out  of  ten 
were  consumed  in  working,  and  the  other  five  in  j^acking  the  joints. 
It  is  impossible  to  keep  the  hydraulic  riveter  constantly  in  motion.  It 
is  a  nice  piece  of  mechanism,  but,  judging  by  my  experience  I  would 
prefer  some  other  riveter. 
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Mr.  Appleby. — The  hydraulic  crane  is  a  desirable  thing  where  it  can 
be  used  without  any  inconvenience,  and  in  this  country  it  can  be  used, 
particularly  in  steel  works.  Mr.  Emery,  in  the  course  of  his  remarks, 
speaks  about  railroads  using  box  cars,  but  it  is  very  difficult  to  see  how 
they  can  avoid  it.  Our  system  with  open  tops  is  all  very  well,  and 
works  well,  but  we  have  a  comi^aratively  short  distance  to  run.  Mr. 
Cooper  mentioned  a  crane  which  he  has  seen.  I  am  glad  to  hear  his 
favorable  opinion  of  it. 

Mr.  Hamilton. — You  have  not  said  anything  about  a  walking  crane, 
siich  as  the  Pennsylvania  Railroad  uses. 

Mr.  Appleby. — I  have  not  mentioned  them,  because  they  are  used 
very  generally. 

Mr.  Hamilton. — Not  in  this  country. 

Mr.  Appleby. — They  perform  the  same  functions  as  a  traveling  crane, 
but  are  placed  only  where  it  is  utterly  impossible  to  use  a  traveling 
crane.  For  instance,  take  a  line  of  machines  with  room  for  a  single 
crane  to  run.  This  crane  runs  up  the  line  of  railroad,  drops  the  work 
alongside  of  the  machine,  and  takes  the  other  work  away.  You  could 
not  use  any  other  appliance  in  that  place.  Those  that  I  am  building 
now  are  driven  by  power,  but  in  a  great  many  cases  a  hand-driven  one 
answers  the  purpose. 

In  the  floating  crane  Ave  used  water  to  coimterbalance  the  crane. 
When  the  crane  is  run  into  position,  while  they  are  putting  the  load  in 
slings,  we  set  a  pump  to  work  pumping  into  tanks,  and  as  soon  as  we 
find  that  the  chain  is  getting  taut  we  know  we  have  our  proper  weight, 
and  stop.  It  is  desirable  to  use  for  most  of  this  work  very  large  floating 
cranes. 

Geobge  S.  Greene,  Jr.,  M.  Am.  Soc.  C.  E. — In  the  40-ton  floating 
derrick,  do  you  move  the  whole  float  ? 

Mr.  Appleby. — Yes.  In  some  wharves  I  think  it  is  better  to  have  a 
proi^eller,  because  it  can  be  used  so  much  easier.  For  long  distances  it 
would  be  used  under  any  circumstances,  and  I  believe  it  works  remark- 
ably well. 
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THERMOMETER     SCALES 


By  Fred  Bkooks,  M.  Am.  Soc.  C.  E. 
Kead  Makch  3d,  1886. 


Eecent  events  make  it  desirable  to  give  a  little  thought  to  the  differ- 
ence in  the  scales  tised  to  indicate  temperature.  It  is  well  known  that 
the  scale  in  popular  use  in  the  United  States  marks  the  temperature  of 
melting  ice  32  degrees,  and  that  of  boiling  water  212  degrees;  while  the 
scale  of  scientific  men  marks  those  temperatures  0  degrees  and  100  de- 
grees respectively.  If  engineering  is  a  scientific  profession,  engineers 
may  be  expected  to  prefer  the  latter  scale ;  but  they  actually  use 
the  former  the  most.  The  division  of  the  interval  between  the  fixed 
points  into  100  parts  has  a  suiDeriority  over  that  into  180,  if  there  is  any 
advantage  in  decimal  reckoning.  Those  remarkable  numbers,  212  and 
32,  have  no  peculiar  thermometric  virtue.  It  is  unnecessary  to  draw  a 
lengthy  contrast  between  the  two  scales  as  to  intrinsic  merit.  Charles 
T.  Porter's  standard  "Treatise  on  the  Richards'  Steam  Engine  Indicator," 
says  (p.  39  of  third  edition)  "that  the  Fahrenheit  scale  begins  in  a 
blunder  and  ends  nowhere."  "If  the  Fahrenheit  scale  could  be  at  once 
abolished,  and  the  centigrade  scale  substituted  in  its  place,  we  should 
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Ije  rid  of  an  arbitrary  nuisance,  wlaicli  is  already  being  banished  from 
tlie  domain  of  science,  and  is  a  real  impediment  to  popular  scientific  ad- 
vancement." This  sentence  suggests  inquiry  as  to  what  hinders  the 
desired  substitution.  The  Fahrenheit  scale  cannot  be  instantaneously 
driven  out  of  popular  use;  yet  engineers,  as  they  have  occasionally  to 
express  temperatures,  can  do  it  in  centigrade  degrees,  even  though  in 
some  cases  the  equivalent  Fahrenheit  should  be  added  in  explanation. 
Will  there  ever  be  a  better  time  than  the  present  for  taking  this  partial 
step  toward  the  proposed  change  ?  Certainly  this  course  is  free  from 
obstacles  that  sometimes  stand  in  the  way  of  similar  improvements. 
For  instance,  it  is  regarded  as  an  indispensable  preliminary  to  such 
changes,  to  circulate  abundant  information  in  advance,  and  to  provide 
conversion  tables,  double  scales  or  diagrams.  Well,  for  thermometers 
that  is  already  done;  the  books  that  engineers  use  are  full  of  tables  and 
formulas  for  translating  from  one  scale  to  another.  Again,  men  do  not 
buy  and  sell  by  the  degree  of  temperature;  but  the  thermometer  is  a 
scientific  instrument,  used  mostly  by  intelligent  people.  There  is  not 
in  this  case  that  mass  of  ignorance  to  be  instructed  which  there  would 
be  in  the  case  of  things  like  time-reckoning  or  coinage,  with  which 
everybody  has  to  do. 

National  prejudices,  though  utterly  irrelevant,  too  often  interfere,  as 
was  noticeable  in  the  recent  adoption  of  a  common  prime-meridian. 
Happily,  American  views  of  the  change  now  under  discussion,  cannot 
be  distorted  by  such  prejudices  with  regard  to  the  countries  where  these 
thermometer  scales  originated — for  Holland  was  the  residence  of  Fahren- 
heit, who  produced  one  of  them  in  1720;  and  Sweden,  of  Celsius,  who 
devised  the  other  in  1742.  With  those  two  countries  we  have  the  same 
grounds  of  sympathy.  Sir  Isaac  Newton  published  in  1701  some  results 
he  obtained  with  a  linseed-oil  thermometer  (see  Philosophical  Transac- 
tions No.  270,  vii,  which  is  at  i^p.  824r-9  in  Vol.  22) ;  and  Eeaumur,  the 
French  naturalist,  invented  in  1731  a  spirit  thermometer  with  the  scale 
which  was  used  for  many  years  in  France  and  elsewhere.  They  both 
took  0  degrees  to  designate  the  temperature  of  melting  ice,  though  they 
designated  the  boiling  jjoint  differently  from  each  other,  and  from  either 
Celsius  or  Fahrenheit.  Most  branches  of  measurement  are  so  connected, 
that  a  change  cannot  be  made  in  one  thing  without  some  disturbance  of 
others;  thus  time  is  related  to  angular  measure,  and  coinage  to  weight. 
But  temperature  is  independent;   it  has  as  little  to  do  with  one  weight 
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or  measure  as  with  another,  and  people  who  differ  widely  in  their  prefer- 
ences for  a  basis  of  weights  and  measures  should  be  able  to  agree  upon 
a  thermometric  scale.  The  centigrade  scale  is  used  in  the  meteorological 
service  of  Russia,  a  country  which  has  for  length  measures  the  arehine 
and  the  British  foot;  of  Denmark,  which  has  for  length  measures  the 
alen  and  the  Ehineland  foot;  and  of  the  other  continental  countries  of 
Europe,  which  have  still  another  length  measure.  It  is  also  used  in 
places  of  such  minor  national  rank  as  the  Khedival  Observatory  in  Egypt, 
and  the  National  Observatory  of  Mexico.  In  England,  the  latest  annual 
report,  dated  27th  July,  1885,  from  the  Standards'  Department  of  the 
Board  of  Trade,  drew  attention  (p.  2)  to  the  fact  that  various  instru- 
ments, among  which  are  thermometers,  are  not  directly  provided  for  bv 
the  Weights  and  Measures  Act,  so  that  at  present  the  Standards'  De- 
partment has  no  power  to  provide  standards  for  them.  So  the  Briton 
is  not  prevented  by  the  law  from  using  such  a  thermometer  as  he 
pleases;  and  the  August,  1885,  edition  of  the  British  Pharmacopa?ia,  an 
official  publication,  contains  centigrade  temperatures  throughout,  in 
addition  to  Fahrenheit  temperatures,  which  alone  a^jpeared  in  former 
editions.  Likewise  in  the  last  decennial  revision  of  the  United  States 
Pharmacopoeia,  published  m  1882,  both  were  inserted.  The  309th  para- 
grajah  of  the  "Revised  Regulations  for  the  Government  of  the  Marine 
Hospital  Service,"  approved  2'lth  April,  1885,  and  authorized  by  Super- 
vising Surgeon-General  Hamilton,  Secretary  Manning  and  President 
Cleveland,  is  as  follows: 

"  In  recording  thermometric  observations,  medical  officers  and  acting 
assistant-surgeons  of  the  Marine  Hospital  Service  will  make  use  of  and 
refer  to  the  centigrade  scale  only." 

The  United  States  will  be  among  the  last  of  the  nations  of  high 
civilization  to  join  in  the  use  of  the  centigrade  scale,  even  if  she  brings 
it  into  use  with  the  utmost  possible  rapidity. 

The  subject  of  thermometer  scales  concerns  engineers  as  well  as 
other  people,  and  in  that  respect  resembles  standard  time,  in  which  this 
Society  has  taken  a  very  active  interest ;  but  there  is  the  foUow^ing 
difference:  The  centigrade  scale  can  be  used  in  engineering  reports, 
exj^eriments,  etc.,  whenever  they  are  made,  be  it  sooner  or  later;  no 
date  for  its  adojition  need  be  fixed  in  advance,  as  was  required  for 
simultaneously  setting  clocks  and  watches  to  the  standard  time. 
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THE    STEAMSHIP    AMEEIOA. 


By  KoBEKT  GoKDON,  M.  Am.  Soc.  C.  E. 
Read  June  13th,  1884. 


This  steamer  was  built  by  Messrs.  I.  &  G.  Thomson,  of  Clydebank, 
and  was  designed  to  form  a  new  departure  in  transatlantic  com- 
munication. The  National  Steamship  Company,  of  Liverpool,  has  long 
been  known  for  its  safe,  but  somewhat  slow,  freight-carrying  vessels, 
which  have  often  been  selected  by  the  British  Government  for  the  trans- 
port of  troops.  The  Company,  profiting  by  the  results  of  its  own  experi- 
ence and  a  study  of  that  of  rival  lines,  came  to  the  conclusion  that  it 
is  necessary  to  separate  fast  jaassenger  transport  from  that  of  freight  in 
ocean  ships,  very  much  as  is  now  done  on  railways,  and  determined 
to  try  a  class  of  vessels  which  should  be  able  to  steam  through  the  water 
at  a  rate  of  18  or  19  knots  i^er  hour  continuously  through  a  long  voyage. 
The  aim  was  to  insure  a  maximum  of  commodious  passenger  space  and 
of  speed,  with  a  minimum  of  coal  expenditure  and  of  port  dues. 

These  results  have  been  so  far  attained,  that  the  steamship  America 
proved  herself  on  her  first  voyage  from  Liverpool  to  New  York  and 
back,  one  of  the  fastest  vessels  afloat ;  and,  for  her  capacity,  one  of  the 
most  economical  in  the  use  of  coal.     She  was  able  to  maintain  a  speed 
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of  over  19  knots  per  hour  continuously  for  many  hours,  Avhile  burning 
only  180  to  190  tons  of  coal  per  day  ;  Avhile  other  large  vessels  burn  300 
to  340  tons  per  day  without  reaching  that  speed.  A  short  notice  of  the 
principal  factors  in  her  design,  on  which  these  results  dejiend,  may  be 
of  some  interest,  and  is  respectfully  offered  to  the  Society,  with  the 
kind  permission  of  her  builders  and  owners.* 

In  the  shape  of  her  hull,  the  America  is  the  embodiment  of  princi- 
ples discovered  by  the  late  Mr.  W.  Froude,  who,  while  experimenting  on 
differently  shaped  models  of  ships,  found,  contrary  to  the  expectation 
and  practice  of  naval  architects,  that  a  comparatively  short  and  broad 
ship,  with  fairly  fine  entrance  and  exceedingly  fine  run  aft,  carried  on 
continuously  curving  lines  throughout,  could  be  driven  through  the 
Avater  at  a  higher  rate  of  speed  with  a  less  expenditure  of  power  than  a 
long  and  narrow  ship  of  the  same  capacity  with  fine  entrance  and  i^ar- 
allel-sided  body.  Probably  the  gi-eater  amount  of  skin  friction  in  the 
latter  vessel  might  account  for  this  result,  but  the  relation  of  the  resist- 
ances arising  from  this,  and  from  the  generation  of  waves  in  deep  water, 
to  the  shape  of  the  ship  at  different  speeds,  still  requires  some  elucida- 
tion. For  many  years  naval  designers  had  gone  on  increasing  the 
length  of  vessels  in  proportion  to  their  width,  in  the  hope  that  with  the 
same  cross-section,  greater  carrying  capacity  could  be  attained  without 
decreasing  the  speed  or  much  increasing  the  driving  power. 

The  steamship  City  of  Rome,!  for  instance,  is  600  feet  long  over  all, 
with  an  extreme  breadth  of  52  feet  3  inches,  and  depth  of  hold  of  37 
feet.  Her  midship  cross-section  on  26-feet  draught  would  be  about 
1  300  square  feet.  She  is  estimated  to  weigh  8  000  tons,  with  a  total 
displacement  on  26-feet  draught  of  13  500  tons,  or  carrying  capacity  of 
5  500  tons.  The  America  has  459  feet  extreme  length,  and  breadth  of 
51  feet  1  inch,  and  depth  amidshijis  of  38  feet  6  inches.  On  26-feet 
di-aught  her  cross-section  will  be  some  27  square  feet  less  than  that  of 
the  City  of  Rome — or  nearly  equal  to  it— while  her  total  tonnage  is  8  830, 
and  carrying  capacity  2  830  tons.  The  indicated  horse-power  of  the 
former  vessel  is  over  14  000,  but,  as  is  well-known,  the  i^ower  of  her 
engines  and  boilers  had  to  be  very  much  increased  over  the  original 


*  This  information  has  been  obtained  from  Mr.  Alex.  MacLennan,  Superintending  Engineer 
of  the  National  Steamshii)  Co. ;  and  Mr.  Dover,  Chief  Engineer  of  the  steamship  America. 

t  The  steamship  City  of  Rome  is  described  according  to  the  original  designs  in  the  Pro- 
ceedings of  the  Institution  of  Mechanical  Engineers  for  1880,  p.  336  et  seq. 
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design,  and  she,  even  noAV,  averages  only  16  knots  per  hour  on  a  coal 
expenditure  of  over  300  tons  per  day,  while  the  America  averages  18 
knots  on  her  consumption  of  180  tons.  The  Oregon  burnt  337  tons 
when  keeping  up  the  same  speed. 

The  general  arrangement  and  design  of  the  America  are  clearly 
shown  in  the  drawings  given,  so  that  it  is  only  necessary  to  mention 
here  some  of  the  peculiar  features  in  her  construction. 

Hull. — With  a  length  between  perpendiculars  of  432  feet,  and 
width  of  51  feet  1  inch,  she  has  a  depth  amidships  to  the  upper  deck 
of  38  feet  6  inches,  and  to  the  promenade  deck  of  47  feet.  This 
promenade  deck  is  250  feet  long,  with  spaces  for  hatches  and  winches 
at  each  end,  but  the  turtle-back,  poop  and  forecastle  run  on  the  same  line 
at  the  bow  and  stern.  If  this  deck  were  continuous  throughout,  or 
made  so  that  the  strains  could  be  transferred  by  suitable  struts  and  ties, 
the  vessel  might  be  considered  as  a  girder,  with  upper  and  lower  chords 
47  feet  apart;  but  as  it  is  she  is  treated  by  the  builders  as  a  beam  of 
but  38^  feet  depth,  and  they  have  used  steel  with  a  compressive  strain 
of  32  to  36  tons  per  square  inch  above  the  neutral  axis,  and  of  29  tons 
below  it.  The  ship  is  of  mild  steel  throughout,  except  in  a  few  speci- 
fied places,  such  as  the  promenade  deck. 

There  are  three  decks,  continuous  throughout  the  vessel :  the  upper 
deck;  the  main  deck  at  29^  feet,  and  the  lower  deck  21i  feet  above 
bottom  of  keel:  while  an  orlop  deck  is  brought  in  at  13^^  feet  wherever 
permitted  by  the  arrangement  of  the  machinery.  The  frames  of  the  ship 
are  spaced  27  inches  apart,  and  the  flooring  beams  54  inches  apart, 
Avbile  two  rows  of  stanchions  are  placed  under  each  beam  wherever 
practicable.  The  floor  beams  are  of  patent  bulb-steel,  varying  from  11 
inches  to  9  inches,  according  to  requirements;  while  the  flooring  plates 
vary  from  4* -inch  steel  to  ^4-inch.  Extremely  strong  web  frames  and 
reverse  frames  are  carried  through  the  machinery  rooms;  and  four 
strong  keelsons  on  each  side  of  the  center  keelson  suitably  stiffen  the 
vessel  longitudinally.  The  shell-plating  varies  in  thickness  from 
Vu-inch  to  xt-inch,  according  to  position.  All  plates  are  accurately 
fitted  to  their  position;  the  joints  are  covered  with  butt-straps,  and 
throughout  the  greater  part  of  the  ship  are  treble  riveted.  Eleven 
water-tight  bulkheads,  carried  to  the  upper  deck,  divide  the  ship  into 
twelve  compartments,  the  longest  of  which  is  not  over  48  feet;  and  any 
two  of  these  may  be  filled  with  Avater  without  sinking  the  vessel.     The 
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bulkheads  vary  in  thickness  from  i^^-inch  to  i^yinch  plate-steel,  and  are 
carried  by  strong  frames.  Three  coal  bnnkers  carry  together  1  630 
tons  of  coal.     The  ship  is  schooner-rigged. 

Engines  and  Boilers. — The  engines  are  direct  acting,  with  one  high- 
pressure  cylinder  of  63  inches  diameter,  and  two  low-pressure,  each  91 
inches  diameter,  -with  66-inch  stroke.  Each  cylinder  has  four  piston 
valves,  coupled  two  and  two  above  and  below;  the  high-pressure  of 
25  inch  diameter  9-inch  stroke;  the  low,  32-inch  diameter,  and  12-inch 
stroke.  The  steam  enters  from  the  boiler  at  90  pounds  pressure,  and 
passes  from  the  high-pressure  cylinder  to  the  reservoir  at  about  26 
pounds  pressure,  whence  it  is  taken  through  the  low-pressure  cylinders, 
expanding  to  the  condensers,  where  a  vacuum  of  26  inches  is  easily 
maintained  by  the  air-jiumps  and  the  action  of  two  Gwynne's  pumps, 
throwing  from  4  000  to  5  000  tons  of  w^ater  each  per  hour  through  the 
condensers.  These  are  worked  by  separate  engines  of  about  40  indicated 
horse-power.  The  total  tubular  surface  in  the  condensers  is  about 
12  000  square  feet.  Two  air-pumps,  of  36-inch  diameter  and  38-inch 
stroke,  are  worked  directly  by  the  main  engines.  The  estimated  power 
of  the  engines  is  over  7  000  horse-power. 

Six  double-ended  boilers,  17|  feet  long  and  about  14  feet  4  inches  in 
diameter,  produce  steam  at  90  pounds  pressure,  while  an  extra  single 
ended  boiler,  11  feet  long  and  14  feet  8  inches  in  diameter,  furnishes  it  at 
95  pounds  pressure.  The  total  grate-surface  of  the  seven  boilers  is  883 
square  feet;  the  tubular  surface  nearly  21  000  square  feet.  The  total 
weight  of  the  seven  boilers  is  about  333  tons.  They  are  constructed  of 
steel  plating  from  il  to  1-inch  thick.  The  furnaces  are  of  corrugated 
steel.  The  tubes  are  about  3^  inches  external  diameter.  Each  boiler 
carries  three  safety  valves  of  5|  inches  diameter,  all  inaccessible.  Two 
ovdl-shaped  funnels,  each  divided  longitudinally  by  a  diaijhragm,  rise 
100  feet  above  the  keel  of  the  ship. 

The  engines  are  provided  with  Dunlap's  governor,  and  special  start- 
ing-gear, arranged  so  that  the  speed  can  be  adjusted  independently  of 
the  governor.  It  is  found  in  practice  that  65  to  66  revolutions  of  the 
engine  give  a  speed  of  about  18  knots  to  the  vessel  through  smooth 
water,  while  68  to  70  carry  her  at  about  19  knots. 

The  crank  shafts  are  of  steel.  The  propeller  shaft  is  of  forged 
scrap-iron,  36  feet  long  and  22  inches  diameter.  The  thrust  is  carried 
by  ten  collars,  Avith  about  3  000  square  inches  of  bearing.     The  pro- 
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peller  is  four-bladed,  22  feet  in  diameter.  The  leading  side  has  a 
regular  pitch  of  29  feet;  the  following  side  a  pitch  varying  from  24  to 
34  feet.  The  blades  are  of  manganese  bronze;  the  boss  is  of  steel. 
The  weight  of  the  former  is  about  15  tons;  of  the  latter,  about  9  tons 
with  the  bolts.  The  total  surface  of  the  four  blades  is  164  square 
feet. 

The  vessel  is  designed  to  carry  670  cabin  and  300  aft  passengers. 
The  state-rooms  are  very  spacious,  and  each  one,  as  well  as  the  larger 
between-deck  spaces,  is  connected  to  ventilating  tubes  which  terminate 
in  the  chimneys,  and  secure  a  thorough  renewal  of  fresh  air.  A  com- 
l^lete  system  of  drainage  from  the  cabins,  and  decks  and  bilges  in  the 
several  compartments,  is  made  by  piping  and  pumps,  worked  by  the 
engines.  The  ship  is  lighted  throughout  by  electricity,  the  Swan  arc  light 
being  used.  A  special  feature  in  the  design  is  the  saloon,  which  occu- 
pies the  full  breadth  of  the  ship,  and  has  a  large  central  space  rising 
through  the  upper  deck.  This  is  covered  by  a  double  dome,  the 
interior  of  jjainted  glass,  the  exterior  of  iron,  with  electric  lamps  be- 
tween, which  give  a  brilliant  illumination.  A  gallery  forms  a  music 
and  conversation  room  at  one  end.  The  decorative  work  has  been 
carried  out  with  great  taste,  and  the  whole  design  reflects  great  credit 
on  the  builders. 

The  following  plates  are  appended: 

XXVII.     Steamship  America. — Longitudinal  Section. 

XXVIII.  "  "  Plans  of  Main  and  Bridge  Decks. 

XXIX.  •'  "  Plans  of  Upper  and  Lower  Decks. 

XXX.  "  "  Sections  at  Frames  19,  22,  29,  45. 

XXXT.  "  "  Midship  Section. 

XXXII.  "  "  Propeller. 

XXXTIL  "  "  Plan  and  Section  showing  engines. 
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ON   SPECIFICATIONS    FOR    STRENGTH    OF   IRON 

BRIDGES. 


By  Joseph  M.  Wilson,  M.  Am.  Sec.  C.  E. 
Read  at  the  Annual  Convention,  June  25th,  1885. 


WITH  DISCUSSION. 


It  has  been  within  the  province  of  the  author,  in  his  connection  with 
the  Pennsylvania  Eailroad  Company,  to  prepare  the  specifications  on 
which  plans  for  all  iron  bridges  for  that  line  should  be  designed. 

A  long  experience  not  only  in  designing,  but  also  in  the  supervision 
and  periodical  inspection  of  bridges  in  actual  use  on  the  various  lines  of 
the  company,  has  given  the  author  opportunity  of  observing  their  action 
in  service  from  year  to  year,  and  of  noting  any  suggestions  which  might 
be  furnished  as  to  modifications  or  improvements  in  design.  This 
experience  has  been  of  considerable  value  in  forming  the  author's  judg- 
ment on  many  points,  and  the  results  have  necessitated  more  or  less 
modification,  from  time  to  time,  of  the  specifications  under  which  work 
was  designed.  The  great  increase,  however,  in  the  weight  of  motive 
jjower  and  train  service,  and  in  the  speed  of  running,  has  required  of 
late  years  some  very  marked  changes. 

The  specifications  which  are  herewith  submitted  (see  Appendix)  are 
the  result  of  theory  combined  with  practice,  and  this  paper  is  offered  iu 
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the  hoi^e  that  it  may  contribute  something  to  the  profession.  These 
specifications  are  now  standard  for  the  Pennsylvania  Railroad  Com- 
pany. 

To  meet  the  question  of  the  continual  increase  in  the  weights  of 
•engines,  necessitating  constant  changes  in  the  assumed  loading  of 
"bridges,  it  was  decided  several  years  ago  to  adopt  for  computation 
-certain  typical  forms  outlined  under  the  author's  direction,  which,  while 
•covering  the  then  existing  service,  would,  it  was  believed,  represent  the 
advance  for  a  longer  period,  and  yet  be  reached  in  the  near  future.  The 
loads  from  these  typical  consolidation  and  passenger  engines  are  given 
in  the  specification,  and  results  have  already  more  than  justified  their 
adoption,  as  although  no  engines  have  as  yet  been  built  on  the  Pennsyl- 
vania Railroad  with  these  precise  weights,  yet  another  type  has  actually 
developed  in  construction  (P.  R.  R.,  Class  M)  which,  in  particular  cases 
produces  even  heavier  loading  than  that  given  by  the  typical  engines, 
and  indicates  that  the  limit  of  increase  has  been  by  no  means  yet 
reached. 

The  specification  starts  out  with  the  well-known  requirement  that  the 
structure  must  be  wholly  of  wrought-iron,  and  then  follows  with  the 
live  loads  as  represented  by  the  tyjsical  and  "  Class  M "  engines, 
diagrams  being  given  for  each.  The  maximum,  as  given  by  either  of 
these  methods  of  loading,  is  required  to  be  used,  and  in  calculating  web- 
members  of  trusses  and  girders,  the  cross-girder  load  under  the  drivers 
is  to  be  considered  as  the  head  of  the  train,  the  load  under  the  preced- 
ing cross-girder  being  neglected.     This  is  on  the  side  of  safety. 

The  dead  load  to  be  carried  is  then  stated,  and  its  mode  of  distribu- 
tion is  given  for  the  loaded  and  unloaded  chords.  The  jjoints  from 
which  general  dimensions  are  to  be  taken  for  calculation  are  designated, 
and  with  the  conditions  now  given  the  designer  computes  the  stresses  by 
one  of  the  recognized  methods. 

The  maximum  and  minimum  stresses  in  compression  and  tension 
being  found  for  the  various  members  of  the  structure,  depending  upon 
the  type  of  bridge  selected  by  the  designer,  the  specification  then  states 
the  formulas  according  to  which  the  permissible  working  stresses  in 
these  pieces  are  to  be  determined.  These  formulas  are  modified  from 
those  of  Launhardt  and  Weyrauch  as  given  by  Weyrauch.  ("  Strength 
and  Calculation  of  Dimensions  of  Iron  and  Steel  Constructions."  New 
York,  D.  Van  Nostrand,  1877.) 
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Launhardt's  formula  requires : 

For  pieces  subject  to  one  kind  of  stress  only  (tension  or  compres- 
sion) : 

/  ,    ,    t  —  u    Min.  B\ 
«  =  n^  +  -^     MaxrJ 

Weyrauch  determined  (for  pieces  subject  to  stresses  acting  in  opposite 
directions) : 

/  ,        u  —  s    Max.  B'\ 

where 

a  =  ultimate  working  strength  per  unit  of  section  under  assumed  con- 
ditions of  loading. 
u  =  ultimate  strength  per  unit  of  section  for  any  number  of  repeti- 
tions of  load. 
i  =  ultimate  strength  per  unit  of  section  for  a  single  static  load, 
s  =  ultimate  vibrating  strength  per  unit  of  section  when  the  opposite 

stresses  are  equal. 
Max.  B  =  the  greatest  stress  upon  the  membar,  whether  of  tension  or 

compression. 
Min.  B  =  the  least  stress  of  the  same  kind. 
Mas.  J5'  =  the  greatest  stress  in  the  opposite  sense. 
Now,5!  assuming  [^with  Weyrauch    that   t^l^u  and   s=^?/,    there 
results : 

/,    ,    Min.  B\ 

And 

/  ,        Max.  B'  \ 
"^^^l^-2Max.^; 

These  formulas,  with  the  proper  substitution  for  u,  depending  upon 
the  kind  and  quality  of  material  used,  will  give  the  ultimate  strength 
for  the  varying  conditions  of  live  and  dead  load  quite  satisfactorily,  but 
they  do  not  take  account  of  the  question  of  impact,  etc. ,  such  as  would 
be  caused  by  the. weight  and  motion  of  the  train,  irregularity  of  track, 
and  the  vertical  pressure  due  to  the  inclination  of  the  connecting  rod  of 
the  engine,  as  well  as  centrifugal  force  developed  from  unbalanced 
weight  in  the  wheels  or  other  revolving  parts.  This  question  has  been 
more  or  less  discussed  by  engineers  for  a  long  time.  Mr.  B.  Baker, 
C  E.,  in  his  work  on  "Long  and  Short  Span  Railway  Bridges  "  (London, 
1873),  treats  of  the  subject,  and  to  provide  for  this,  as  well  as  the  varying 
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conditions  of  live  and  dead  loads,  suggests  the  addition  of  a  percentage 
to  the  usual  working  stress  for  bridges  of  short  spans.  This  method  of 
meeting  the  question  has  been  adopted  by  quite  a  number  of  engineers. 
The  following  list,  showing  the  percentages  of  increase  given  to  static 
stresses  by  various  designers,  has  been  compiled  from  a  number  of 
examples  of  specifications  to  which  the  author  has  had  access. 
Edge  Moor  Iron  Company  : 

Span  in  feet 20        30        40        50        60        70        80 

Percent 30        25        20        15        12        10  8 

Keystone  Bridge  Company,  for  truss  members  only  : 

Span  in  feet 30    45    60     75     90     105     120     135     150 

Percent 20     15     12     10      8        6        4        2        0 

For  stringers,  floor-beams  and  counter-ties,  25  per  cent. ;  floor-beamc 
hangers,  100  per  cent.;  riveted  connections  of  stringers  and  floor-beams, 
50  per  cent. ;  middle-ties  and  posts,  10  per  cent. 
Mr,  G.  Bouscaren,  M.  Am.  Soc.  C.  E. : 

Span  in  feet 30  45  60  75 

Percent 25  20  15  10 

Floor-beam  hangers,  50  per  cent. 

Mr.  Mace  Moulton,  M.  Am.  Soc.  C.  E.,  founded  on  B.  Baker's  de- 
ductions : 

Span  in  feet....  10        20        30        45        60        80        100 

Percent 40        35        30        25        20        15  10 

Mr.  C.  Shaler  Smith,  M.  Am.  Soc.  C.  E. : 

Middle-ties,  20  per  cent. ;  counters,  30  per  cent. ;  end  suspenders,  20 
per  cent. ;  long  suspenders,   20  per  cent. ;  floor-beam  hangers,  50  per 
cent. ;  track-girders,  30  per  cent. ;  floor-beams,  20  per  cent. 
Henderson  bridge  specifications  : 

Span  in  feet 30  to  45    45  to  60     60  to  75     75  to  120 

Per  cent,    compression..         20  15  10  — 

tension 40  25  20  15 

Floor- beam  hangers  and  track-girder  connections,  100  per  cent. ;  ver- 
tical suspenders,  50  per  cent.  ;  track -girders,  floor-beams,  counters, 
trestle-posts  and  compression  members  of  less  than  30  feet  span,  25  per 
cent. 

These  authorities  adopt  only  one  value  of  static  stress  for  all  classes  of 
material,  and  in  all  cases,  except  for  the  Henderson  bridge,  10  000  pounds 
per  square  inch  is  used  for  tension,  and  8  000  pounds  per  square  inch 
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for  compression.  The  Henderson  bridge  specifications  required  10  000 
pounds  per  square  inch  for  tension,  except  in  track-girders  and  floor- 
beams,  for  which  8  000  pounds  was  used.  For  compression,  8  000 
pounds  was  adopted,  as  given  in  the  other  cases. 

Prof.  William  Cain,  A,  M. ,  C.  E.  ("  Maximum  Stresses  in  Framed 
Bridges,"  New  York,  1878),  takes  a  more  rational  method  of  solving  the 
problem.  He  assumes  that  as  impact  is  due  to  and  increases  with  the 
action  of  the  live  load  on  a  member,  its  effect  will  vary  inversely  with 

;jrj — ' — p.    and   he   writes   empirically   for   the  formula  of   Launhardt, 

A  =  —  (  1+  ^f — - — =  )  ,  n  being  a  factor  of  safety ;  and  he  takes  the  value 
n     \       Max.    B/ 

u 
of  —   for  all  iron  at  7  500  pounds  per  square  inch.     Here  the  value  of  b 

is  the  permissible  working  stress  per  unit  of  section.  This  is  equivalent 
to  making  the  value  of  t  =  2  u  in  Launhardt's  formula  previously  given. 
Adopting  this  relationship  between  t  and  ii,  and  still  retaining  that  of 
s  ^iu,  the  original  formulas  become 


/  ,    ,    Min.  B\  ..^ 

/  Max.   B'\ 


These  formulas,  it  must  be  remembered,  are  for  ultimate  strength.  If 
for  n,  working  values  are  assumed  instead  of  ultimate,  the  value  of  a 
becomes  permissible  working  stress  per  unit  of  section,  and  adopting 
this  arrangement,  the  author  believes  that  the  results  of  practical  ex- 
perience are  most  rationally  met . 

The  value  of  u  is  taken  by  the  author  for  double-rolled  iron  in  ten- 
sion (links  or  rods),  at  7  500  pounds  per  square  inch;  for  rolled  iron  in 
tension  (plates  or  shapes),  at  7  000  i^ounds  i^er  square  inch;  and  for 
rolled  iron  in  compression,  at  6  500  pounds  per  square  inch. 

For  Min.  B  =  Max.  B,  a  =  2  u  =  f^l5  000  pounds,  coiTesponding  to 
all  dead  load,  and  for  Min.  B  =  0,  a=^u=^  7  500,  corresponding  to  all 
live  load. 

Plate  XXXIV, accompanying  this  paper,gives  by  diagram  the  value  of  a 

for  various  values  of  ^ — '- — 5  according  to  the  formulas  of  the  specifi- 
cation. 

For  high  test  iron  in  tension,  the  line  A  A  should  be  used  for  the 
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first  case,  pieces  subjected  to  one  kind  of  stress  only,  and  tlie  line  A  D 
for  the  second  case,  pieces  subject  to  stresses  acting  in  opposite  direc- 
tions. For  ordinary  iron  in  tension,  use  the  line  B  B  for  first  case,  and 
B  E  for  second  case.  For  ordinary  iron  in  compression,  use  the  lines 
CCand  CF. 

On  the  same  diagram  there  will  be  found  plotted  the  values  of  a  re- 
sulting from  the  various  methods  of  percentage  as  used  by  Edge  Moor 
Iron  Company,  Keystone  Bridge  Company,  etc.,  previously  quoted,  and 
although  the  lines  shown  may  be  somewhat  in  error,  as  the  author  was 
obliged  to  assume  his  own  values  of  loads  for  the  various  spans,  still  the 
results  are  valuable  as  a  matter  of  comparison  with  those  obtained  by 
the  formulas. 

The  permissible  stress  a  being  found,  that  for  members  in  compres- 
sion must  be  reduced  in  proportion  to  the  ratio  of  the  length  to  the  least 
radius  of  gyration  of  the  section. 

The  author  has  for  many  years  used  Rankine's  formulas  for  this  pur- 
pose. Late  experiments,  however,  made  on  a  large  scale,  and  the  inves- 
tigations of  a  number  of  authorities  on  the  subject,  do  not  altogether 
agree  with  the  results  of  these  formulas. 

During  the  years  1875  to  1879,  inclusive,  Mr.  G.  Bouscaren,  M.  Am . 
Soc.  C.  E. ,  made  a  series  of  experiments  on  the  strength  of  wrought-iron 
columns,  the  results  of  which  will  be  found  in  a  paper  contributed  by 
him  to  the  Society  (Trans.  Am.  Soc.  C.  E.,  Vol.  IX,  p.  447).  From 
these  results  it  would  appear  that  between  Kankine's  and  Gordon's  for- 
mulas, the  former  is  the  more  accurate  of  the  two  :  "that  iron  of  the 
highest  moduhis  does  not  necessarily  make  the  strongest  column;  that  it 
is  essential  in  built  columns  to  thoroughly  fasten  together  the  several 
parts  or  segments  that  they  may  act  in  a  solidary  manner  as  one  contin- 
uous metallic  body,  and  to  guard  not  only  against  lateral  flexure  or  buck- 
ling of  each  part,  but  also  against  longitudinal  relative  motion  ;  that  a 
due  regard  to  the  economy  of  material  demands  that  the  thickness  of  the 
metal,  and  in  built  columns  the  spacing  of  the  rivets,  be  so  proportioned 
that  the  column  shall  fail  by  flexure  as  a  whole  before  any  local  buck- 
ling or  flexure  shall  take  place  ;"  that  Rankine's  formula  with  the  con- 
stant -joirfr  for  columns  with  flat  ends,  assumed  at  double  its  value  for 
columns  hinged  on  pins  at  both  ends,   "is  practically  correct." 

The  tables  accompanying  Mr.  Bouscaren's  paper  give  the  results  of 
his  experiments  on  various  columns  of  diff"erent  kinds,  forms  of  cross- 
sections,  etc.,  and  made  by  different  manufacturers. 


'F 

1    1   j    1   1    1    1    " 
i T" 

1 

1 

-- 

,._ 

~\- 

- 

- 

-- 

-^ 

h- 

-- 

- 

1 

— 

1 

[ 

t 

! 

1 



'. 

_. 

1 

i- -- 

T -i 

... 

.... 

"'-;"r 

.... 

- 

..... 

.-U-Ui 

i>' 

— 

j 

, 



1 

_ 

_ 

_. 

' 

__ 



_ 

.^  I  1  1 

-;- 

1 

1 

— 

-i- 

- 

- 

-- 

j 

-r- 

-- 

-- 

— 

r- 

:^^' 

\ 

7-- 

! 

.__^:p 

\ 

1 

- 

- 

— 

\ 

— 

:^- 

^- 

"T^ 

! 

_ 

_ 



__j 

p^ 

.■er' 

' 

1 

_ 

_ 

__ 

} 

__ 

\~  — 

_ 

,.^ 

'■^     ; 

-1— 

_j 

_j 



^^ 

^ 

^ 

'   ' 

! --- 

f-- 

-- -(---1 

-■ -■--!■-- 

--- 



..^.^ 

-• 



,^" 

---- 

-j- 

... 

1 



: 

_ 

_ 

__ 

t             ^^' 

' 

_, 

__ 

1 

_ 

,>' 

1 

1 — 

; 



•  ^-^ 

£  — 

^' 

' 

! 

1 

,^^ 

,^ 

" 

' 

^^'^ 

^^ 

i-^^ 

\ 

■ 

, 

^' 

; 

-  '' 

^- 

1 

\ 

1 

.4=: 

1   ^-^ 

1 

1 

^'^ 

J  ^ 

" 

; 

1 

^  —  ^ 

1 

^^ 

. 

□  1      ATT        V    VVIW                                      ;         \ 

---- [--- - 

.x 

-- .--^^ 

"' 

--- 

^ 

^ 

-■ 

-r.: 

...    _^..„^^. 

'-"--- 

..... 

-- 

TRANS.AM.SOC.CIV.  ENGRS. 

VOL. XV    N°   335. 

WILSON   ON 

STRENGTH  OF  IRON    BRIDGES. 

-r 

-.J.. 

1 

1 

^^^   ; 

^ 

^■^ 

! 

-^                ; 

-.    -^ 

• 

! 

: 

'     ^ 

-^ 

^ 

-'' 

i 

1 

; 

■ 

-?^ 

^^^ 

-^ 

1    i 

■^ 

; 

T~ 

1 

1 

1 

•< 

! 

1 

■    y^" 

;          ^^"^ 

i 

t;          1 

^^ 

j^^ 

j^^ 

;    ! 

' 

r; 

; 

*^ 

--■^     ' 

'-"'^         j 

3   ■ 

J_.-..„„^ 

^i-^ii    y.^^^. 

^ [--^^--^ 

"- •-- 

.... 

--- 

-■- 

-■ 

•■-J- 

... 



... 

- 

.... 

... 

.... 

•> 

; 

L---^^-^ 

r         ^t. 

_^^-^ 

1 

; 

^ 

; 

^-'^-jL 

*-''^    X 

^■^            ; 

; 

. 

"" !     -i  -£  ^  ? 

1 

1 

: 

\ 

' 

1 

^ 

;       ^^ 

,^*,^„ 

_^--^ 

1 

1 

■^* 

^^^ 

^^'       ; 

--'       ,,^''T|    ^^^ 

j^ 

; 

1 

.A<i^ 

'    t^ 

j^*^"*      ,J^r^ 

'^^ 

j 

1 

; 

^^"^^H"- -4"*i" 

lJ^            ; 

; 

! 

|^<^ 

--^44^^3^^ 

■rt-r*,.^44;;^_^^ 

.-I.. 

.. 

A 



-i- 

..    .._ 

-...' — 

_. . 

_.._ 

__..... 

- 

— 

^                       -t 

--•^     ;     ~~"~  — — 

^^^  ^^-'^ 

: 

1 

^'-■<- 

_         : 

~  ~-t»»«sf;   1.*^ 

~^  — — 

I 

; 

§ 

T""^^^ 

--'i'^-^  "^ 

-_ 

~~~^- —     1 

i 

1 

; 

; 

:>:i>-e:^^ 

^^-^ 

™^-~^ 

___^_^^- 

1     ~~-- 

^              ;              ^ 

■~~~_     ; 

'^--^1 

t_ 

_ 

__ 

__ 

__ 



_ 

_ 

-- 

F-f— 

^  =  --=^ 

_ ;__  =  =  _ 

-:=~~-^ 

=  -  = 

r- 

- 

— 

-- 

— 

- 

-\ 

T~~  — ^ 

~~i  --- 

— 

— 

—  _ 

: 

1 

--r- - 

; 

-^~~^- 

-~: 

T' 

- 

~ 

f: 

■~~. 

■^^~-^: 

^^„^^ 

-- 

-- 

.... 

.... 

...;_... 

.... 

..... 

....... 

—  - 

-^- 

-- 

i 

- 

— 

■~- 

:;^,,^= 

-^:=-, 

— p 

^; 

i; 

-^ 

— 

— 

— j— 

- 

2  -j— 

i p_ 

- 

- 

-- 

.-IS 

::: 

=  =-f-  = 

— — 

- 

::  =  = 

— 

=  -4- 

r\ 

^X 

_ 

_ 



__ 

"h^- 

==- 

._ 

~ 

... 

— j 

7::7 

—  . 

:-: 

=  = 

=  - 

:±7 

-- 

- 

::- 

::± 

^~ 

----- 

l.-U.((*  ^  « Jte5  ;;<tjJK/7i„,y  t.2u,a-  u(/  f  jl^)  foTJKemierstkat  a^  oLi^ays  luijicUcC  to  stresses  cfChe  mme  Kind  tr/i.Hher 
omprtsswn.                                         Min.  B-tAeUast  und  Max  B  •  the  greatest  jtresi  upfii  the  member 

a.u(J-  '^.j^^Jj  ajsum/'!f  s.iu.  a^ut  /  -  ^^^^') fir  Members  suhjectect  to  alternatciff  ttrejses  o/teiisiorta/xl  eompn 
-K.ai.B-lhegreatest  stress  to  xhich  the  memi^r  IS  iubjecttdirAet/ier  of  tension  orccmpression  cindMaiB'lhe^reatest  stressmtheapp 

;                -7* 

ssion 

__ 



^ 

__ 

1            .fi^^ 

-- 

-- 

- 

-- 



:               a.> 

VorhnjStrcsscntonspersijvareinch         t  =  Sc^e strength  in  tonspersilimreutcAforluclaad..       U-Jafe sli-e it^lA  intonspersaliare inch  forMormq load 

i               ^'' 

tdmtlon  safe  strength  mtonsper  square  uidi    nhen  t/ieopposite  stresses   are  rfuai.             One  Ton  -.  Zooopaunks 

./ 

j 

ForMigk  test  Ironilt  tension u  -  3*.  tons  JiersQlmrelneh  .li.seline'AA  for  firstCase  and  All  for  second.  Case 

ForOrdinary  Iron  m  tension...     .u.  it SB-                   -                -BE. 

H 

--f- 

..... 

.... 

-:■ 

...j.... 

— 

.....f. 

... 





j 

»s 

J^endersoit  SticIo^  Co 

MotiltonfoundM  on  dSaker 

BdffeMoor  Iron  Co 

G.  Bouscaren 

Jfei^stoneBr 

c^„„>„i„2r^ 

id^ 

7' 

Co. 

+ 

-- 

-- 

- 

-^ 

Valine"?/ ^^    and  ifeff '  d." pe 


WILSON    ON    STRENGTH    OF   IRON    BRIDGES.  395 

In  November,  1879,  Messrs.  Clarke,  Reeves  &  Co.,  Mems.  Am.  Soc. 
C.  E.,  had  a  series  of  experiments  made  upon  a  number  of  Phoenix 
wrought-iron  columns  at  Watertown  Arsenal,  Mass.,  and  the  results  of 
their  work  were  furnished  to  the  Society  in  1882  (Trans.  Am.  Soc.  C.  E. , 
Vol.  XI).  These  experiments  on  breaking  strength,  elastic  limit,  etc., 
embraced  twenty  columns  of  8.04  inches  diameter,  formed  of  four  rolled 
arc  segments  having  flanged  riveted  connections,  and  lengths  varying 
from  8  inches  to  28  feet,  the  sectional  area  of  each  being  slightly  in  ex- 
cess of  12  square  inches;  also  two  columns  11.8  inches  in  diameter  and 
18 . 3  square  inches  sectional  area,  formed  of  six  segments  and  having 
lengths  of  8  feet  9 . 5  inches  and  25  feet  2 .  65  inches  respectively.  The 
results  demonstrated  the  inaccuracy  of  Gordon's  formulas  for  hollow 
columns,  as  might  be  supposed,  and  indicated  the  advisability  of  using 
separate  formulas  for  long  and  short  columns,  as  suggested  by  Hodgkin- 
son  some  years  ago. 

Rankine's  formulas  corresponded  much  more  closely  with  the  experi- 
ments, indicating,  however,  that  the  value  of  -3  g  o  u  u  for  a  was  too  large, 
xoTToTro  being  better. 

In  the  discussion  on  this  paper,  Mr.  Theodore  Cooper,  M.  Am.  Soc. 
C.  E.,  proposes  a  series  of  formulas  for  columns  of  different  forms  of  sec- 
tion and  for  the  various  conditions  of  square,  pin  or  round-ended.  He 
thinks  that  the  allowed  working  strain  should  be  a  proportion  of  the 
elastic  limit  of  the  material,  not  of  the  rupturing  or  crippling-point.  In- 
stead of  computing  the  crippling  strength  of  a  column,  and  taking,  say 
one-fourth,  one-fifth  or  one-sixth  of  the  result  as  the  allowed  strain,  he 
prefers  changing  the  formulas  so  as  to  give  directly  the  allowed  strain, 
and  suggests  modifications  for  this  purpose. 

Mr.  James  Christie,  M.  Am.  Soc.  C.  E.,  read  before  the  Society,  in 
1883,  a  very  complete  paper  on  experiments  made  by  him  at  the  Pencoyd 
Iron -works  for  the  purpose  of  determining  the  comparative  resistance 
to  compression  of  long  and  short  struts  of  rolled  angle,  tee-beam  and 
channel  sections.  This  paper  forms  a  valuable  contribution  to  available 
data  on  the  practical  resistance  of  columns. 

On  Plates  XXXV  and  XXXVI  accompanying,  will  be  found  the 
actual  ultimate  resistance,  as  shown  by  the  principal  experiments  re- 
ported in  these  various  papers,  Plate  XXXV  being  for  fixed,  and 
Plate  XXXVI  for  pinned  ends.  On  Plate  XXXVI  are  shown  also  the 
results  of  four  experiments   made   under  direction   of  the   author   at 
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Watertown  Arsenal  several  years  ago.  They  are  designated  on  the  plate 
Penna.  K.  R.  Two  of  these  were  made  on  columns  built  of  channels 
■with  a  middle  web  of  plate  secured  by  angles,  and  two  upon  columns 
of  channels  having  their  flanges  connected  by  cross-plates  and  lattice- 
bars.  All  the  specimens  were  of  the  same  size  and  length  of  channels, 
and  had  jiins  at  both  ends,  proper  shoes  being  made  to  fit  against  the 
plates  of  the  testing  machine  and  to  receive  the  i^ins.  The  columns 
were  tested  with  the  i^ins  vertical,  and  no  effort  "was  made  to  counter- 
balance the  weight  of  the  specimens. 

The  results  of  the  various  experiments  are  plotted  in  the  diagram  by 
using  for  abscisste  the  values  of  the  length  divided  by  the  least  radius  of 

gyration  or  ^ ,  and  for  ordinates  the  breaking  stress  per  unit  of  sec- 
tion. The  scales  adopted  have  been  so  taken  as  to  avoid  crowding  the 
results  together,  and  to  enable  a  better  comparison  to  be  made  between 
them.  Very  often  in  such  diagrams  the  vertical  scale  is  taken  too 
small. 

On  these  same  plates  will  be  found  also  plotted  the  lines  of  ultimate 
resistance  for  columns  as  by  the  formulas  of  Rankine,  Cooper  and  Bous- 
caren-Eankine,  the  latter  being  modifications  of  Rankine's  formulas  as 
proposed  by  Mr.  Bouscaren  ("Report  on  the  Progress  of  "Work  and  Cost 
of  Completing  and  Maintaining  the  Cincinnati  Southern  Railway,"  G. 
Bouscaren,  January  1,  1880,  p.  20).   Mr.  Bouscaren  takes  the  ultimate  re- 

/ 

r- 

sistance  of  column  per  square  inch  =  i?=  1  -(-  qq  onQ  a  for  flat  ends, 
and  R  = —^^ for  jjin  ends,  and  the  value  of  /  being  assumed  at 

"^  "^  18  OOOr- 
45  000  for  Phcenix  post,  38  600  for  square  post  closed  on  all  sides,  or  open 
and  latticed  on  two  opposite  sides,  and  36  500  for  H  post.  The  factor  of 
safety  he  takes  at  one-fifth.  There  will  also  be  found  plotted  Mr. 
Bouscaren's  proposed  modification  of  Rankine,  using  /  =  38  000,  and 
a  = -,-i5^i5Vu-5-  (Trans.  Am.  Soc.  C.  E.,  Vol.  XI,  p.  65),  and  Dr.  "Winkler's 
modification  of  Rankine  (Proc.  Inst.  C.  E.,  Vol.  LIU,  p.  302),  where 
/=  40  000  ;  a  =  0.000  044.  By  examination  of  these  diagrams  the  varia- 
tion between  the  results  of  the  formulas  and  the  actual  experiments  may 
readily  be  observed. 

After  considerable  consideration  of  the  subject,  the  author  has  adopt- 
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•ed  the  following  formulas  (Nos.  3,  4  and  5  of  the  si^ecification)  for  the 
^illowable  working  stress  in  compression  per  square  inch  of  section. 
For  both  ends  fixed; 

b  =  0? 

l  +  _Jl_ (3) 

36  000r2 

For  one  end  hinged: 

'^r^zjn (^) 

24  OOOrs 
For  both  ends  hinged: 

b= '^—- 

14--J1— 

18  000r2 (5) 

where  a  =  permissible  stress  previously  found. 

b  =  allowable  working  stress  per  square  inch. 

I  =  length  of  piece  in  inches,  center  to  center  of  connections. 

r  =  least  radius  of  gyration  of  the  section  in  inches. 

These  formulas  are  identical  with  those  designated  here  as  Bouscaren- 
Eankine,  except  that  they  are  adapted  to  finding  directly  the  working 
compressive  stress  from  a  value  previously  determined,  which  may  be 
"termed  the  permissible  stress  per  square  inch  for  a  column  of  one  diam- 
eter, or  more  correctly  perhaps,  of  a  length  equal  zero. 

Plate  XXXVII  shows  diagrams  of  the  working  stresses  for  pin  ended 
columns  as  determined  from  the  formulas  of  Cooper,  Bouscaren-Rankine 

and  Weyrauch,  j^lotted  with  values  of  —  for  abscisste  and  the  working 

r 

stresses  per  square  inch  for  ordinates.     The  same  diagram   shows  the 

plotted  curve  of  working  stresses  by  the  author's  formula,  equation  (5), 

the  value  of  a  being  taken  from  eq.  (1)  with      H^  =  0.31  very  nearly,   b 

^  Max. 

for   —  =  0  becoming  8  500  pounds.     This  curve  will  of  course  be  found 
r 

identical  with  that  of  Bouscaren-Eankine,  when  the  ultimate  stress  for 
short  prisms  is  taken  at  42  500  pounds,  and  the  factor  of  safety,  as  speci- 
fied by  Mr.  Bouscaren,  at  5. 

Pieces  used  in  compression,  which  are  continuous  over  points   of 
support,  are  generally  free,  so  that  they  may  deflect  from  the  action  of 
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the  compressive  force  in  one  direction  in  one  panel  of  the  structure  and 
in  the  other  direction  in  adjacent  panels,  thus  producing  all  the  effects 
of  hinging  at  the  ends.  The  specifications  therefore  provide  that  such 
pieces,  unless  so  firmly  fixed  as  to  be  incapable  of  such  bending,  shall 
be  considered  as  hinged  at  the  ends. 

The  author  places  great  importance  upon  having  the  lines  of  the 
neutral  axes  of  all  members  which  connect  together  meet  at  the  same 
point;  and,  if  there  is  a  pin  connection,  the  pin  should  also  occupy  as 
nearly  as  possible  this  same  position.  After  providing  for  this,  the 
siDecifications  go  on  to  say  how  the  upper  chords  of  deck  bridges  shall 
be  proportioned  when  the  floor  system  rests  directly  on  them,  and  states 
that  all  other  members  siibject  to  direct  stress  in  addition  to  the  bend- 
ing moment  shall  be  simihxrly  calculated.  In  this  connection  it  may  be 
stated  that  the  average  maximum  effect  by  the  transverse  load  from  an 
engine  on  the  upper  chord  considered  as  a  continuous  beam,  will  be 
found  to  be  about  three-fourths  what  it  would  be  if  the  beam  was  sup- 
ported only,  and  the  moment  is  generally  from  a  single  concentrated 
load,  although  this  depends  altogether  upon  the  length  of  panel. 

The  specification  now  follows  with  the  requirements  for  the  sizes  of 
eyes  on  all  pin-connected  tensile  members,  and  these  proportions  are 
considered  quite  sufficient  when  the  best  known  methods  of  manufac- 
ture are  used.  In  some  cases,  however,  larger  heads  might  be  found 
necessary,  and  this  is  covered  by  a  clause  under  "  Quality  of  Material,"' 
which  specifies  that  all  links  and  rods,  if  tested  to  the  breaking,  shall 
part  through  the  body  and  not  through  the  head  or  pin-hole.  It  is 
possible  that  the  future  may  see  very  considerable  reduction  from  the 
proportions  as  specified,  when  better  methods  of  manufacture  ar*"  de- 
vised. Indeed,  the  Edge  Moor  Iron  Co. ,  of  Wilmington,  Delaware  's 
DOW  working  eye-bars  in  both  steel  and  iron  by  a  new  method  of  upst^ 
ting,  without  buckling  or  welding,  which  has  given  astonishing  results. 
That  company  furnishes  these  bars  with  fifty  per  cent,  excess  in  the 
width  of  head  over  bar  when  the  diameter  of  the  pin  is  less  than  the 
width  of  bar,  and  forty  per  cent,  when  the  diameter  of  the  pin  exceeds 
the  width  of  bar  (really  reversing  the  rule  of  the  present  specification 
when  the  diameter  of  the  pin  exceeds  width  of  bar),  and  states  that  it 
will  guarantee  that  the  eyes  will  develop  the  full  value  of  the  bar  even 
at  only  forty  per  cent,  excess  in  head  for  the  former  case,  and  thirty- 
three  per  cent,  for  the  latter.     Experiments  have  been  made  at  Edge 
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Moor  on  bars  of  this  mode  of  manufacture  having  an  excess  in  width  of 
head  as  low  as  20  per  cent. ,  and  the  bar  has  still  parted  through  the 
body  under  the  ultimate  stress. 

The  table  on  page  400  is  a  record  of  some  tests  which  have  been 
recently  made.  The  minimum  limit  has  evidently  not  yet  been 
reached. 

The  rule  given  for  the  minimum  diametrical  bearing  between  pins 
and  pin-holes  is  an  old  one,  and  experience  has  proved  it  satisfactory. 
It  is  preferred  not  having  pins  less  in  diameter  than  three-fourths  the 
width  of  the  bar. 

The  author  considers  it  very  essential  that  the  pins  be  so  propor- 
tioned and  the  pieces  connected  by  them  so  packed,  that  the  maximum 
stress  per  square  inch  on  the  outer  fibers  of  the  pins  from  the  cumu- 
lative bending  moments  shall  not  exceed  one  and  a  half  times  the  maxi- 
mum tensile  stress  a  in  tbe  members  connected.  It  is  true  that 
many  old  bridges  are  yet  in  service  where  the  pins  would  not  by  any 
means  come  up  to  this  requirement  of  the  specification,  but  there  is  no 
doubt  that  the  stresses  in  the  links  are  very  unevenly  distributed,  and 
some  of  the  pieces  may  be  seriously  overstrained.  In  such  bridges  it  is 
very  difficult  to  determine  whether  the  results  are  dangerous,  but  they 
must  certainly  produce  an  effect  of  deterioration  on  the  structure  which 
may  end  seriously. 

Among  the  tests  already  referred  to  as  made  for  the  author  at  Water- 
town  Arsenal,  was  one  on  pin-connected  links,  to  ascertain  the  efi'ect  of 
the  bending  of  the  pin  on  the  links  which  it  connected.  It  is  hardly 
necessary  at  the  present  time  to  give  a  detailed  account  of  this  test,  but 
it  may  be  said  to  have  fully  confirmed  the  views  already  expressed. 

In  arranging  the  spacing  of  rivets,  it  will  be  noticed  that  the  various 
details,  etc.,  are  to  be  constructed  so  that  the  compression  members  in 
these  detailed  parts  are  good  for  a  working  stress  as  high  as  would  be 
obtained  in  a  column  of  twelve  diameters.  In  limiting  the  distance  of 
rivets  apart  at  right  angles  to  the  line  of  stress,  at  not  more  than  thirty 
times  the  thickness  of  the  thinnest  external  plate,  it  is  desired  to  pre- 
vent any  liability  to  buckling  from  stresses,  which  would  otherwise  be 
perfectly  legitimate  on  the  members.  Stoney  ( ' '  Theory  of  Strains, "  Lon- 
don, 1869,  p.  210),  in  refemng  to  the  results  of  Mr.  Hodgkinson's  ex- 
periments on  compression  of  wrought-iron  in  rectangular  tul)es,  where 
the  yielding  is  by  buckling,  not  flexure,  leads  to  the  conclusion  that  the 
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tliickness  of  plate  for  proper  resistance  should  be  not  less  than  one- 
thirtieth  of  the  breadth  of  the  tube,  or  in  the  present  application,  of  the 
distance  between  the  lines  of  rivets  by  which  the  parts  are  assembled 
together.  Where  straps  and  plates  are  used  merely  for  stiflfening,  and 
do  not  take  part  in  the  compressive  resistance  of  the  column,  their 
thickness  is  limited  to  not  less  than  one-fortieth,  and  for  double  straps, 
one-fiftieth  of  the  distance  between  the  rivets  connecting  them  to  the 
compressed  members.  There  is  very  little  positive  data  on  which  to 
base  these  rules  for  widths  of  plates,  beyond  practical  experience  and 
professional  opinion.  It  is  hoped  that  further  experiments  with  built 
compression  members  will  develop  more  reliable  information.  It  has 
been  claimed  by  some  designers  that  by  omitting  the  area  of  the  con- 
necting plate  in  arranging  the  required  section  of  a  column,  this  plate 
may  be  made  thinner  than  if  it  was  included.  In  reply  to  this  it  may 
be  said  that  so  long  as  this  plate  is  continuous,  it  is  not  possible  to 
omit  it;  that  its  apparent  omission  only  increases  the  actual  section  of 
the  column  by  that  much,  and  thereby  lessens  the  amount  of  stress  a 
certain  small  proportion  over  the  whole  of  it,  the  connecting  plate  in- 
cluded, but  the  latter  still  takes  its  proportion  of  strain. 

As  to  the  proper  distance  for  rivets  from  the  sides  and  ends  of  pieces, 
the  specification,  while  cautionary,  does  not  give  any  definite  rule,  but 
the  author  himself  follows  the  rules  of  Edge  Moor  Iron  Company.  De- 
tailed rules  are  given  for  lattice  strapping  and  terminal  cross-bracing 
plates,  as  determined  by  custom  and  experience. 

The  shear  on  the  net  section  of  any  member  is  limited  to  the  com- 
pressive working  stress  a,  and  for  rivets  twenty  per  cent,  extra  sec- 
tion must  be  allowed  to  cover  inaccuracy  in  workmanship,  etc.  This 
agrees  with  general  practice.  It  is  required  that  no  allowance  shall  be 
made  for  the  web  in  calculating  the  flange  sections  of  plate  girders.  The 
author  is  aware  that  the  web  is  often  included,  and  in  fhe  case  of  solid 
rolled  beams  the  specification  allows  it.  In  built  girders,  however, 
which  generally  have  thin  webs,  the  author  considers  such  practice  as 
working  very  closely,  the  gain  from  it  being  very  small  and  the  material 
so  used  being  really  put  in  the  structure  for  another  purpose. 

The  succeeding  clauses  of  the  specification  concerning  transverse 
stress,  also  the  placing  of  rivets,  etc. ,  in  plate  girders,  require  little  or  no 
explanation.  In  reference  to  the  proper  method  of  proportioning  the 
web  and  stifi'eners  of  plate   girders  there  seems  to  be  a  difference  of 
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opinion  among  authorities,  or  at  least  a  want  of  clearness  in  explana- 
tion, and  a  failure  to  give  the  subject  its  most  economical  consideration, 
at  least  in  theory.  Professor  Rankine  gives  a  rule  for  proportioning  the 
web,  in  which  he  considers  the  shearing  stress  at  the  neutral  axis  as 
equivalent  to  a  pull  and  a  thrust  of  equal  intensity  inclined  in  opposite 
ways  at  45  degrees  from  the  vertical,  the  web  tending  to  give  way  by 
buckling  under  the  thrust.  The  vertical  shear  being  resolved  into  these 
two  components,  one  of  tension  and  the  other  of  compression  on  the 
web,  the  latter  is  comi^uted  to  resist  the  compressive  force  as  a  fixed 
column  of  rectangular  section,  with  a  length  equal  to  the  distance  along 
a  line  inclined  at  45  degrees  between  two  of  its  vertical  stiffening  ribs; 
or,  if  it  has  no  such  ribs,  between  the  upper  and  lower  horizontal  flanges, 
a  factor  of  safety  of  six  being  employed.  "When  ribs  are  introduced. 
Professor  Eankine  is  hardly  as  clear  as  he  might  be.  He  considers 
these  either  as  suspending  pieces  (ties)  or  pillars  (struts),  according  to 
the  position  of  the  load  either  on  the  lower  or  ui^per  flange,  and  appears 
to  proportion  them  for  the  local  loading,  those  at  the  ends  of  the  girder 
being  the  only  ones  specified  to  take  the  entire  proportions  of  the  load 
which  rests  at  those  points,  or  in  other  words,  the  vertical  shear.  The 
ribs  act  by  their  stiffness  to  prevent  buckling  of  the  web,  and  in  that 
sense,  if  placed  sufficiently  close  together,  by  reducing  the  length  of 
column  of  the  web,  lessen  its  required  thickness.  Otherwise  the  thick- 
ness of  web  is  computed  in  the  same  way,  with  or  without  ribs.  Mr. 
Stephenson  seems  to  have  had  very  much  the  same  opinion  as  expressed 
by  Professor  Rankine,  and  Professor  Airy  in  his  investigations  on  the 
subject  also  had  the  same  views,  that  the  girder  acted  as  a  lattice  truss 
of  an  infinite  number  of  intersections,  these  making  up  the  web,  the 
material  of  which  could  sustain,  without  injury,  forces  of  tension  and 
compression  acting  at  right  angles  to  each  other,  the  least  resistance 
being  to  the  compression. 

So  long  as  no  stiff'eners  are  used,  this  rule  of  Professor  Rankine's 
appears  rational  and  practical,  giving  satisfactory  results.  When, 
however,  the  girder  becomes  too  deep  for  an  economical  and  practical 
thickness  of  web,  stiff'eners  are  required,  and  on  the  above  theory  they 
must  be  close  enough  together  to  limit  the  ratio  of  length  of  column  to 
thickness  to  an  economical  figure.  A  girder  of  60  feet  length  and  5 
feet  depth  of  web  for  examjjle,  sustaining  a  load  of  3  000  pounds  per  foot 
lineal,  would  require  the  stiff'eners  about  14  inches  apart  for  a  three- 
eighths  web. 
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The  author  iu  his  early  experience,  twenty-five  years  ago,  was  very 
much  troubled  by  such  results  when  he  knew  of  girders  of  the  above  di- 
mensions and  loading,  in  actual  use,  having  webs  of  only  i\  of  an  inch 
in  thickness  and  stiffeners  at  intervals  of  5  feet,  these  girders  bearing  up 
"well  under  use.  Some  of  them,  now  thirty  years  old,  are  still  in  service, 
although  it  is  not  claimed  that  they  would  come  within  the  present  s]pec- 
Ification.  The  author  soon  discovered,  liowever,  by  means  of  a  paper 
model  Avith  very  thin  flexible  web,  that  when  stiffeners  were  properly 
introduced  the  web  no  longer  resisted  by  compression,  but  by  tension, 
the  stiffeners  taking  up  the  duty  of  compressive  resistance,  like  the  posts 
of  a  Pratt  truss,  and  dividing  the  girder  into  panels  equivalent  to  those 
of  an  open  truss,  the  web  in  each  panel  acting  as  an  inclined  tie.  Work- 
ing on  this  theory,  results  were  obtained  that  quite  agreed  with  practical 
examples. 

Stoney,  in  his  "Theory  of  Strains"  (London,  1869,  p.  319),  apjjroaches 
nearer  to  the  true  elucidation  of  the  problem,  and  apjiears  to  understand 
the  matter,  although  he  is  hardly  definite  and  positive  enough  as  to  the 
course  that  shovild  be  pursued. 

Mr.  Theodore  Cooper,  M.  Am,  Soc.  C.  E.,  in  an  article  on  the 
rules  for  pitch  of  rivets  and  thickness  of  web  in  riveted  plate  girders 
{Van  Nostrand's  Engineering  Magazine,  Vol.  XVII,  p.  209),  gives  a  rule 
very  similar  in  its  operations  to  that  of  Prof.  Kankine,  but  in  which  he 
uses  a  factor  of  safety  of  only  one-fourth,  and  for  the  extreme  limit 
allows  a  length  of  column  corresponding  to  a  working  resistance  of  3  000 
pounds  per  square  inch. 

While  Mr.  Cooper  appears  to  introduce  his  vertical  stiffeners  prop- 
erly for  the  whole  shearing  force,  he  would  require  for  the  web  a  much 
greater  thickness,  or  would,  it  seems  to  the  author,  be  obliged  to  intro- 
duce stiffeners  considerably  closer  than  practical  exijerience  would 
justify.  Thus,  for  the  examjile  previously  quoted,  of  a  girder  60  feet 
siaan  and  60  inches  deep,  the  thickness  of  web  required  to  resist  buckling 
would  be,  on  his  rule,  f  of  an  inch,  or  to  use  a  3 -inch  web,  the 
author  presumes  Mr.  Coojjer  would  place  stiffeners  2\  feet  apart. 
Believing,  as  the  author  does,  that  the  web  resists  by  tension  and  not  by 
compression,  he  would  be  perfectly  satisfied  that  this  would  be  safe 
enough,  but  if  he  was  obliged  to  consider  the  effect  as  compressive,  he 
would  not.  If  the  limit  of  dejjth  of  web  is  taken  at  eighty  times  the 
thickness,  the  limit  of  the  diagonal  in  which  the  force,  if  compressive, 
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would  really  act,  and  which  is  the  length  of  the  column  of  resistance^ 
would  be  about  113.  It  is  the  fact  of  the  web  actually  resisting  by  ten- 
sion which  saves  the  case. 

The  theory  of  the  author  is  that  the  flanges,  with  a  portion  of  the 
web,  act  to  carry  the  load  and  to  concentrate  it  at  the  vertical  stiflfeners, 
if  it  is  not  already  there.  The  latter  act  as  the  vertical  columns  in  a 
Pratt  truss  would  do,  carrying  the  shear,  which  is  resolved  on  to  the 
web  in  tension  in  a  diagonal  direction,  panel  by  panel,  towards  the 
abutment.  The  conditions  of  loading  will  control  the  frequency  of 
struts,  as  there  is,  of  course,  a  limit  to  the  ability  of  the  flange  to  carry 
intermediate  loads  to  the  struts,  and  this  should  receive  due  considera- 
tion. 

The  requirements  in  reference  to  number,  size,  spacing,  bearing,  etc., 
of  rivets,  exercise  so  important  a  control  over  the  thickness  of  web,  that 
after  it  is  determined  for  these,  it  will  probably  be  found  quite  sufficient 
for  anything  that  will  otherwise  come  upon  it,  the  stiflfeners,  of  course, 
being  properly  placed. 

The  requirements  of  the  specification  for  wind  strains  and  the  proper 
proportioning  of  the  lateral  system  are,  it  is  believed,  in  accordance  with 
the  latest  American  practice  in  this  resi^ect. 

Great  care  has  been  taken  in  framing  the  conditions  for  Quality  of 
Material  and  Workmanship  to  insure  having  what  is  desired  and 
what  the  present  advanced  state  of  manufacture  can  produce,  without 
asking  for  what  it  is  impossible  to  obtain  except  at  an  extraordinary 
cost.  A  practical  experience  of  some  years  and  extended  intercourse- 
with  those  who  are  foremost  in  the  manufacturing  interests  of  our  coun- 
try have,  of  course,  formed  the  basis  for  this  portion  of  the  specification. 
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APPENDIX. 

Specifications  for  Strength  of  Iron  Bridges. 

The  structure  to  be  wholly  of  wrought-iron,  and  designed  to  carry 
the  following  live  loads  on  each  track,  headed  in  the  same  direction  on 
adjacent  tracks. 

First. — Two  typical  consolidation  engines  coupled,  weighing,  with 
tender,  86  tons  each,  distributed  as  shown  in  figure  1,  page  406,  con- 
nected with  a  train  weighing  3  000  pounds  per  foot  lineal  of  track;  or 

Second. — -Two  typical  passenger  engines,  coupled,  weighing,  with 
tender,  88  tons  each,  distributed  as  shown  in  figure  2,  page  406,  and 
connected  with  a  train  weighing  3  000  pounds  per  foot  lineal  of  track; 
or 

Third. — One  class  M  engine,  weighing,  with  tender,  66^  tons,  dis- 
tributed as  shown  in  figure  3,  page  406,  and  connected  with  a  train  of 
3  000  pounds  per  foot  lineal  of  track.  The  maximum  given  by  either  of 
these  methods  of  loading  is  to  be  used  in  proi^ortioning  every  member 
of  the  structure. 

In  calculating  web-members  of  trusses  and  girders,  the  cross-girder 
load  under  the  drivers  is  to  be  considered  as  the  head  of  the  train,  the 
load  on  the  preceding  cross-girder  being  neglected. 

In  addition  to  the  live  loads  before  mentioned,  the  structure  shall, 
carry  the  following  dead  load,  viz. : 

At  the  i^anel  points  of  the  loaded  chords: 

First. — The  weight  of  the  floor  (composed  of  a,  the  weight  of  the 
cross-ties  used  for  the  particular  kind  of  floor  adopted,  and  h,  a  weight, 
of  140  pounds  per  foot  lineal  of  track — covering  the  weight  of  rails,, 
guard-rails,  splices,  spikes  and  bolts). 

Second. — One-half  the  weight  of  the  truss. 

Third. — The  weight  of  the  iron  floor  system,  if  any. 

Fourth. — The  weight  of  the  lateral  system  belonging  to  the  loaded 
chord;  and 

Fifth  — One-half  the  weight  of  the  sway  bracing. 

At  the  panel  points  of  the  unloaded  chords: 

First. — One-half  the  weight  of  the  truss. 

Second  — The  weight  of  the  lateral  system  belonging  to  the  unloaded 
chord;  and 

Third. — One-half  the  weight  of  the  sway  bracing. 

The  span  for  calculation  is  to  be  taken  from  center  to  center  of  "end 
pins,  or  from  center  to  center  of  abutment  i^lates  or  other  supjjorts; 
and  the  height  from  center  to  center  of  chord  pins  in  truss  bridges,  or 
between  centers  of  gravity  of  flange  sections  in  plate  girders,  provided 
it  does  not  exceed  the  distance  out  to  out  of  angles,  in  which  case  the 
latter  amount  shall  be  considered  the  height. 

The  maximum  and  minimum  stresses  in  compression  and  tension,  as 
found  for  the  before-mentioned  loads,  are  to  be  used  in  determining  the 
permissible  working  stress  in  each  piece  of  the  structure,  according  to 
the  following  formulas: 

For  pieces  subject  to  one  kind  of  stress  only  (all  compression  or  all 
tension) : — 

/         minimum  s#-ess  in  member,    \ 

\      *"  maximum  stress  in  member./  \  • 
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For  pieces  subject  to  stresses  acting  in  opposite  directions  :-  - 
/         maximum  stress  of  lesser  kind.       \ 
^       "  \        2  maximum  stress  of  greater  kind.  /  ^   ' 

In  the  above  formulas  : — 

a=  permissible  stress  per  square  inch,  either  tension  or  com- 
joression. 

u  =  for  double-rolled  iron  in  tension  (links  or  rods)  7  500  pounds 
per  square  inch. 

u  =  for  rolled  iron  in  tension  (plates  or  shapes)  7  000  pounds  per 
square  inch. 

u  =  for  rolled  iron  in  compression  6  500  pounds  per  square  inch. 

The  permissible  stress  a  for  members  in  compression  is  to  be  re- 
duced, in  proportion  to  the  ratio  of  the  length  to  the  least  radius  of  gy- 
ration of  the  section,  by  the  following  formulas  : — 

a 


For    both    ends    fixed  b  = 


1+     ''   ,  w 

36  000  J-2 


For   one    end    hinged  b  = 

14- 

24  000  r- 

For    both   ends    hinged  6  =  - 


1^~^'  w 


1+     ''  w 

18  OOU  r- 

Where  a  =  permissible  stress  previously  found. 

b  =  allowable  working  stress  per  square  inch. 
I  =  length  of  piece  in  inches    center  to  center  of  connec- 
tions. 
r  =  least  radius  of  gyration  of  the  section  in  inches. 

Pieces  used  in  compression  which  are  continuous  over  points  of  sup- 
port are  to  be  considered  as  hinged  at  the  ends,  unless  so  firmly  fixed 
in  direction  as  to  be  incapable  of  bending  in  opposite  directions  on  the 
opposite  sides  of  the  points  of  support : — 


In  all  cases  where  possible,  the  lines  of  the  neutral  axes  of  all  pieces 
meeting  at  a  joint  must  be  made  to  meet  in  the  same  point,  and  where 
pins  are  used  to  form  connections,  they  must  be  placed  as  nearly  as  pos- 
sible in  the  neutral  axes  of  the  sections. 

When  not  so  arranged,  provision  must  be  made  for  taking  up  the 
bending  stresses  produced. 

When  the  floor  system  rests  directly  on  the  upper  chords  of  deck 
bridges,  the  said  chords  shall  be  so  proportioned  that  the  algebraic  sum 
of  the  stresses  per  square  inch  on  the  outer  fibers  [due, 

First— To  the  weight  of  that  part  of  the  floor  system  which  is 
supported  by  the  chord  (considered  as  acting  on  a  continuous 
beam  of  a  span  equal  to  the  panel  length). 

Second. — To  the  direct  thrust. 

7"hird.— To  three-fourths  of  the  maximum  bending  produced  by 
that  portion  of  an  engine  of  the  heaviest  class  which  is  supported 
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by  the  chord  on  a  span  equal  to  the  panel  length  (considered  as  a 
supported  beam) ;  and 

Fourth.  (In  case  the  pin  is  not  in  the  neutral  axis  of  the  chord.) 
— To  the  algebraic  sum  of  the  moments  of  all  chord  stress  incre- 
ments acting  at  centers  of  pins.] 

shall  not  exceed  at  the  panel  point  the  working  stress  a,  or  shall  not 
exceed  at  the  center  of  the  panel  the  working  stress  b. 

All  other  members  which  are  subject  to  direct  stress  in  addition  to 
bending  moment  are  to  be  similarly  calculated. 

Built  chords  must  be  thoroughly  spliced  and  the  splices  riveted  in 
the  field,  not  bolted. 

The  eyes  on  all  tensile  members  shall  have  fifty  per  cent,  excess  of 
material  at  the  pin  when  the  diameter  of  the  piu  does  not  exceed  the 
width  of  the  bar,  and  one  hundred  per  cent,  excess  when  the  diameter  is 
twice  the  Avidth  of  the  bar  or  over.  For  intermediate  sizes  of  pins  the 
excess  of  eye  may  be  made  proportional  to  their  diameter. 

The  diametrical  bearing  between  pins  and  pin-holes  (diameter  of  pin 
X  thickness  of  bearing)  shall  not  be  less  in  area  than 

2_    (  maximum  stress  in  member.  \ 

Vcompressive   unit  stress  a  for  that  member./ 

Eye  plates  must  have  a  sufficient  size  and  number  of  rivets  to  prop- 
erly distribute  the  bearing  stress  from  the  pins  to  members  of  the  truss. 

Pins  are  to  be  so  projiortioned  that  the  maximum  stress  j^er  square 
inch  on  the  outer  fibers  (calculated  from  the  cumulative  moments  of  the 
stresses  acting  on  the  pieces  connected,  and  the  moment  of  resistance  of 
the  pin  directly)  shall  not  exceed  one  and  one-half  times  the  maximum 
tensile  stress  a  in  the  members  connected. 

All  rods  with  screw  ends  must  be  upset,  and  if  ordinary  nuts  are  used 
they  must  be  double.  Rods  provided  with  adjusting  screws  are  each  to 
have  an  amount  of  five  tons  added  to  the  calculated  stress  to  allow  for 
initial  stress. 

Floor-beam  hangers  must  have  an  additional  section  of  twenty-five 
per  cent,  above  that  given  by  the  before  mentioned  limiting  stresses. 

Eivets  must  be  so  spaced  that  they  shall  not  be  further  apart  in  the 
direction  of  the  stress  than  twelve  times  the  thickness  of  the  thinnest  ex- 
ternal plate  connected,  and  not  more  than  thirty  times  that  thickness  at 
right  angles  to  the  line  of  stress. 

Rivets  must  be  kept  a  sufficient  distance  from  the  sides  and  ends  of 
pieces  to  avoid  any  danger  of  splitting  out,  and  not  placed  closer  than 
three  diameters  center  to  center. 

Single  lattice  straps  shall  have  a  thickness  of  not  less  than  one-fortieth 
(ro),  and  double  straps  connected  by  a  rivet  at  the  intersection,  not  less 
than  one-fiftieth  (5-0)  of  the  distance  between  the  rivets  connecting  them 
to  the  compressed  members;  and  their  width  shall  be  : 

For  15-inch  and  12-inch  channels,  or  equivalent  built  section  (f-inch 
rivets),  2^  inches. 

For  15-inch  and  12-inch  channels,  or  equivalent  built  section  (i-inch 
rivets),  2^  inches. 

For  10-inch  and  9-inch  channels,  or  equivalent  built  section  (J -inch 
rivets),  2i  inches. 

For  8-inch  and  6-inch  channels,  or  equivalent  built  section  (f-inch 
rivets),  2  inches. 

For  8-inch  and  6-iuch  channels  (extra  light  sections)  and  5-inch  chan- 
nels (f-inch  rivets),  If  inches. 
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The  distance  between  connections  of  the  strapping  shall  be  such  that 
the  individual  members  composing  the  column  considered  with  hinged 
ends  and  a  length  equal  to  the  distance  between  these  connections  shall 
be  stronger  than  the  column  as  a  wliole;  and  in  no  case  shall  this  dis- 
tance exceed  eight  (8)  times  the  least  -width  of  these  members. 

All  segments  of  members  in  comj^ression  connected  bj  strapping 
only,  shall  have  terminal  cross-bracing  plates  at  each  end,  the  rivets  and 
net  section  of  which  shall  be  sufficient  to  transfer  the  total  maximum 
stress  borne  by  the  segment,  and  the  thickness  of  which  shall  not  be  less 
than  one-fortieth  (A,)  of  the  distance  between  the  rivets  connecting  them 
to  the  compressed  members. 

The  shear  on  net  section  of  any  member  shall  not  exceed  the  com- 
pressive working  stress  a,  and  in  case  of  rivets  at  least  twenty  per 
cent,  extra  section  must  be  allowed. 

No  allowance  shall  be  made  for  the  web  in  calculating  the  flange  sec- 
tions of  plate  girders. 

The  stresses  in  solid  rolled  beams  shall  be  calculated  from  the 
moment  of  inertia  of  the  section. 

Flanges  of  plate  girders  running  over  twelve  inches  in  width  shall 
have  at  least  four  lines  of  rivets. 

The  stress  in  the  outer  fibers  of  I  beams,  channels,  etc.,  subject  to 
bending  moments,  shall  not  exceed  the  tensile  working  stress  a  for 
rolled  shape  iron. 

In  all  cases  for  compressed  flanges  of  beams  or  girders  (subject  to 
transverse  stress),  the  permissible  working  stress  in  such  flanges  shall  be 
computed  by  Rankine's  formula  : 


1+- 


l'  .  (6) 


5000  w 


Where  a  =  permissible  stress  previously  found. 

c  =  allowable  working  stress  per  square  inch. 
I  =  unsupported  length  in  inches. 
w  =  width  in  inches. 

In  no  case  shall  a  stress  greater  than  that  for  a  length  equal  to  twelve 
times  the  width  be  used. 

The  rivets  in  plate  girders  shall  be  proportioned  for  shear  as  pre- 
viously specified,  and  the  rivets  througli  the  web  and  flange  angles,  and 
through  the  web  and  vertical  stifleners,  at  a  sj^lice,  concentrated  load  or 
end  of  girder,  must  not  have  a  bearing  pressure  per  square  inch  against 
the  web  plate  (on  a  diametrical  section  of  the  rivets)  of  more  than  twice 
the  compressive  stress  a  used  in  the  upper  flange  of  the  girder; 
provided  that  they  are  not  placed  closer  than  twice  their  diameter  from 
the  edge  of  the  web-plate  to  edge  of  hole.  If  placed  closer  than  this  the 
bearing  pressure  must  be  proportionally  reduced. 

In  calculating  the  shearing  stress  and  bearing  stress  on  web  rivets  of 
plate  girders,  the  whole  of  the  shear  acting  on  the  side  of  the  panel  next 
the  aljutment  is  to  be  considered  as  being  transferred  into  the  flange 
angles  in  a  distance  equal  to  the  dejith  of  the  girder. 

The  number  of  rivets  in  the  flanges  in  the  distance  m  —  o  (equal 
m  —  n)  shall  be  sufficient  to  transfer  the  shear  at  m  —  n  into  the  flange 
angles  without  exceeding  the  specified  shearing  stress  or  the  bearing 
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stress  on  diametrical  section  of  rivets,  and  the  number  of  rivets  in  the 
distance  m  —  n  shall  follow  the  same  rule. 


m 

0 

X 

o 

o 

O    0    0    O    0       X  o 

o 

o 

o 

o 

o 

o 

X 

Net  sections  must  be  used  in  all  cases  in  calculating  tension  members, 
and  in  deducting  rivet  holes  they  must  be  taken  one-eighth  inch  larger 
than  the  size  of  rivets . 

In  calculating  the  net  section  of  angles  in  plate  girders  all  the  rows  of 
rivets  must  be  deducted,  and  in  flange  plates  having  rivets  staggered,  all 
rows  must  be  deducted  unless  so  arranged  that  the  net  section  along  a 
zigzag  line,  taking  all  distances  in  the  diagonal  direction  at  only  three- 
fourths  their  value,  exceeds  the  corresponding  net  section  directly  across 
the  plate. 

When  the  thickness  of  the  web  plate  is  less  than  one-thirtieth  of  the 
unsupported  distance  between  flange  angles,  heavy  stiifeners  shall  be 
riveted  on  both  sides  of  the  web  with  a  close  bearing  against  the  upper 
and  lower  flanges,  and  calculated  as  columns  for  the  whole  shear  at  the 
several  iDoints  where  they  are  placed.  These  stiffeners,  in  girders  over 
three  feet  in  depth,  shall  be  placed  at  distances  apart  (center  to  center) 
generally  not  exceeding  the  depth  of  the  full  web-plate,  with  a  maximum 
limit  of  five  feet.  In  girders  under  three  feet  in  depth  they  may  be  three 
feet  apart,  and  in  some  special  cases,  where  there  is  little  or  no  shearing 
stress,  at  a  greater  distance. 

In  every  case  at  least  one  upper  flange  plate  on  plate  girders  shall 
extend  from  end  to  end  of  the  same  to  give  lateral  stiffness,  and  any  ad- 
ditional plates  used  to  make  up  the  flange  section  shall  be  made  of  such 
length  as  to  allow  of  at  least  two  rows  of  rivets,  of  the  regular  pitch, 
being  placed  at  each  end  of  the  plate  beyond  the  theoretical  point 
required. 

Girders  formed  with  web-plate  and  angles  alone,  having  no  upper 
flange  plate  proper,  will  not  be  allowed. 

All  flange  plates,  subject  to  either  tension  or  compression,  spliced  in 
the  length  of  girder,  must  be  covered  by  an  amount  of  extra  material 
equal  in  section  to  the  pieces  spliced,  with  sufficient  rivets  on  either  side 
to  transmit  the  stresses  from  the  parts  cut. 

Flange  angles  must  be  spliced  with  angle-covers  whenever  cut  within 
the  length  of  the  girder,  or  else  the  amount  of  material  cut  must  be 
replaced  by  an  equal  amount  of  extra  material  in  the  flange  plate. 

No  iron  shall  be  used  of  less  thickness  than  one-quarter  inch,  no 
piece  used  in  compression  shall  have  an  unsupported  width  of  more  than 
thirty  times  its  thickness,  and  no  plate  girder  web  shall  be  less  than 
three-eighths  of  an  inch  in  thickness. 

Continuous  girders  will  not  be  i^ermitted,  except  in  the  case  of  upper 
chords  carrying  floor  and  in  drawbridges. 

Through  bridges  must  have  a  clear  head  room  of  not  less  than 
eighteen  feet  six  inches  from  base  of  rail. 
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Standard  inside  clear  width  for  full  through  bridges,  single  track  on 
a  tangent,  is  thirteen  feet.  Width  for  bridges  on  curves  and  half  through 
bridges  where  girders  project  up  above  the  track,  is  subject  to  modifica- 
tion, depending  upon  the  special  case. 

Truss  bridges  are  to  be  cambered  with  a  rise  of  not  less  than  t^-oit  of 
their  length;  the  cross  ties  to  be  sized  down  over  the  track  girders,  so 
that  the  camber  line  of  track  may  be  a  true  circular  arc. 

Cross  ties  to  be  of  white  oak,  having  a  width  of  ten  inches  and  a 
minimum  depth  of  seven  inches,  and  spaced  not  over  twenty  inches  be- 
tween centers,  with  every  fourth  tie  bolted  down  by  three-quarter  inch 
bolts,  having  round  flat  heads  and  two  hexagon  nuts  each.  When  track 
is  curved,  the  outer  rail  to  be  elevated  as  may  be  required. 

In  the  case  of  deck  bridges  with  wooden  floor-beams,  when  the  dis- 
tance between  centers  of  supports  exceeds  six  feet,  the  floor-beams  (ties) 
are  to  be  proportionally  increased. 

Guard  rails  of  white  oak  or  long-leaved  southern  pine,  six  by  eight 
inches,  are  to  be  placed  ten  inches  in  the  clear  outside  of  each  track 
rail;  to  be  notched  one  and  one-half  inches  over  the  cross  ties,  secured 
to  every  fourth  tie  by  a  three-quarter  inch  bolt,  having  flat  round  head, 
two  hexagon  nuts  and  flat  wrought  washer,  and  to  all  other  ties  by  three- 
quarter  inch  square  wrought  sjiikes.  Splices  to  guard  rails  to  be  twelve 
inches  long,  placed  between  ties,  with  the  joint  horizontal,  two  three- 
quarter  inch  bolts  with  flat  round  heads,  wrought  washers  and  double 
hexagon  mats  being  used  for  each. 

Lateral  bracing  shall  be  proportioned  for  a  wind  pressure,  acting  in 
either  direction  horizontally,  of  thirty  pounds  per  square  foot  on  the 
whole  surface  of  all  trusses  and  the  floor,  as  seen  in  elevation,  in  addition 
to  a  train  of  ten  feet  average  height,  beginning  two  feet  six  inches  above 
base  of  rail,  moving  across  the  bridge;  except  in  the  case  of  through 
bridges,  where  the  surface  of  the  truss  covered  by  the  train  may  be  de- 
ducted. 

Where  the  bridge  is  on  a  curve,  the  lateral  bracing,  in*addition  to  wind 
stress,  must  be  proportioned  to  resist  a  centrifugal  force  due  to  as  many 
trains  as  there  are  tracks,  moving  at  the  rate  of  sixty  feet  per  second. 

The  whole  of  the  wind  stress  due  to  the  train  and  floor,  plus  one-half 
the  truss,  is  to  be  considered  as  acting  on  the  lateral  bracing  of  the  loaded 
chord,  and  that  due  to  one-half  the  truss  only  on  the  lateral  bracing  of 
the  unloaded  chord.  The  end  portal  bracing  in  through  bridges  must 
be  of  sufficient  strength  to  transfer  the  accumulated  wind  stress  from  the 
upper  lateral  system  to  the  end  posts,  and  the  end  sway  bracing  in  deck 
bridges  shall  carry  the  whole  of  the  accumulated  wind  and  centrifugal 
stress  from  the  loaded  chord  to  the  abutment,  intermediate  sway  bracing 
being  placed  in  each  main  panel  and  adapted  to  carry  half  the  maximum 
stress-increment  due  to  the  wind  on  the  train  and  to  centrifugal  force. 
In  case  of  very  heavy  curves,  some  of  the  centrifugal  force  may  be 
transferred  to  the  lower  lateral  bracing. 

In  through  plate-girders  the  portion  of  the  train  covered  by  the 
girder  may  be  deducted  from  the  wind  surface,  and  only  one  girder  and 
one  train  surface  considered. 

In  all  cases  where  the  rods  have  adjustment,  an  addition  to  the  above 
stresses  of  five  tons  must  be  made  for  initial  tension. 

Lateral  rods  in  tension  shall  not  be  strained  more  than  15  000  pounds 
per  square  inch,  and  plate  or  shape  iron  not  more  than  12  000  pounds 
per  square  inch  under  the  above  conditions. 

Lateral  struts  in  compression  shall  not  be  strained  more  than  12  000 
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pounds  per  square  inch  (including  the  proper  component  of  the  initial 
tension  allowed  on  the  lateral  rods  at  their  extremities),  and  reduced  in 
proportion  to  their  length  and  least  radius  of  gyration,  as  previously 
specified. 

In  case  the  maximum  stresses  in  the  chords  of  the  bridge  or  flanges 
of  floor-girders  due  to  wind  and  centrifugal  force  (the  chords  and  lateral 
bracing  being  considered  as  a  truss  lying  on  its  side),  added  to  the  max- 
imum stresses  in  the  chords  or  flanges  due  to  vertical  loadings  shall 
exceed  the  before  mentioned  limits  of  15  000  and  12  000  pounds  per 
square  inch  in  tension  and  12  000  pounds  per  square  inch  in  com- 
pression, properly  reduced,  additions  must  be  made  to  said  chords  or 
flanges  until  such  limits  are  not  exceeded. 

Should  the  stresses  in  said  chords  be  reversed  in  any  possible  case, 
proper  provision  must  be  made  for  such  sti'ess  in  an  opposite  direction. 

No  deduction  shall  be  made  from  chord  sections  on  account  of 
material  in  lateral  system,  but  the  chords  shall  be  made  of  the  full  sec- 
tion previously  specified. 

In  every  case  the  connections  between  the  wind  bracing  and  chords 
must  be  made  of  greater  strength  than  the  wind  bracing  itself,  and  so 
designed  as  to  avoid  as  far  as  possible  inducing  bending  moments  in  any 
members  of  the  structure,  and  such  connections  must  be  capable  of 
transferring  the  longitudinal  components  of  the  wind  stresses  into  the 
main  truss  chords  in  a  direct  and  satisfactory  manner,  or  a  separate 
chord  be  used  for  the  lateral  system. 

The  trusses  miist  be  secured  from  side  motion  on  bearing  plates,  and 
must  have  ample  bearing  and  roller  supi^ort,  the  weight  on  the  rollers 
not  to  exceed  750  -J  d  pounds  per  lineal  inch,  d  being  the  diameter 
in  inches.  Girder  bridges  less  than  sixty-five  feet  opening  will  not 
require  rollers.  The  bolster  blocks  must  be  joined  to  the  truss.  The 
bearing  plates  must  be  secured  to  the  underlying  support  by  bolts  or 
dowels.  Bearing  plates  shall  not  give  a  greater  pressure  on  masonry 
than  300  pounds  to  the  square  inch,  unless  in  specially  authorized 
cases. 

In  the  case  of  trestles  or  iron  piers,  they  shall  be  proportioned  for 
vertical  load  under  the  same  limiting  stresses  given  for  trusses,  and  for 
wind  stresses  and  centrifugal  stresses,  loading  and  bending  combined, 
the  stresses  shall  not  exceed  those  given  for  lateral  bracing. 

In  addition  to  the  above,  the  structure  shall  be  capable  of  resisting 
■wind  pressure  on  its  exposed  surface  alone  of  fifty  pounds  per  square 
foot  without  exceeding  the  limiting  stresses  for  lateral  bracing. 

Tension  at  the  foot  of  the  windward  column  is  to  be  avoided  if  i^os- 
sible,  and  in  any  case  apjiroved  anchor  bolts  well  secured  in  the  ma- 
sonry shall  be  used. 

All  strain  sheets  and  plans  must  be  submitted  to  the  engineer  of  the 
company  in  charge  of  bridges  for  approval,  and  a  complete  set,  includ- 
ing details,  furnished  to  him  without  charge.  All  details  to  be  subject 
to  his  approval,  and  access  to  be  allowed  him  or  his  assistants  to  the 
contractors'  working  drawings  and  shop  for  examination  of  details. 

Quality  of  Material. — All  wrought-iron  must  be  tough,  fibrous,  uni- 
form in  quality  throughout,  free  from  flaws,  blisters  and  injui'ious  cracks, 
and  must  have  a  workmanlike  finish.  It  must  be  capable  of  sustaining 
an  ultimate  stress  of  46  000  pounds  per  sqiiare  inch  on  a  full  section  of 
test-piece,  with  an  elastic  limit  of  23  000  pounds  per  square  inch. 

All  iron  to  be  used  in  tension  or  subjected  to  transverse  stress  (except 
web-plates),  must  have  a  minimum  stretch  on  a  length  of  eight  inches 
of  fifteen  per  cent,  measured  after  breaking. 
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All  iron  to  be  used  iu  compression  and  for  web-plates,  of  width  not 
exceeding  twenty-four  inches,  miist  have  a  minimum  stretch  of  ten  per 
cent,  on  a  length  of  eight  inches  measured  after  breaking. 

All  iron  for  web-plates  exceeding  twenty-four  inches  in  width,  must 
havea  minimum  stretch  of  five  per  cent,  measured  in  length  of  eight 
inches. 

All  iron  to  be  used  in  the  tensile  members  of  open  trusses,  laterals, 
pins,  bolts,  etc.,  must  be  double-rolled  after  and  directly  from  the  muck 
bar  (no  scrap  will  be  allowed)  and  must  be  capable  of  sustaining  an 
ultimate  stress  of  50  000  pounds  jjer  square  inch  on  a  full  section  of  test- 
piece,  with  an  elastic  limit  of  25  000  pounds  per  square  inch  and  a  min- 
imum stretch  of  twenty  per  cent,  measured  after  breaking  in  length  of 
eight  inches. 

When  tested  to  the  breaking,  if  so  required  by  the  engineer,  the 
links  and  rods  must  part  through  the  body  and  not  through  the  head  or 
pin-hole.  Such  tests  must  be  at  the  expense  of  the  contractor  when 
the  requirements  of  these  specifications  are  not  comi^lied  with. 

All  tension  wrought-iron,  if  cut  into  testing  strips  one  and  one-half 
inches  in  width,  must  be  capable  of  resisting,  without  signs  of  fracture, 
bending  cold  by  blows  of  a  hammer,  until  the  end  of  the  strips  form  a 
right  angle  with  each  other,  the  inner  diameter  of  the  curve  of  bending 
being  not  more  than  twice  the  thickness  of  the  piece  tested.  The  ham- 
mering must  be  only  on  the  extremities  of  the  specimens,  and  never 
where  the  fiexion  is  taking  place.  The  bending  must  stop  when  the 
first  crack  appears. 

All  the  tension  tests  are  to  be  made  on  a  standard  test  piece  of  one 
and  one-half  inches  in  width,  and  from  one-fourth  to  three-fourths 
inches  in  thickness,  planed  down  on  both  edges  equally,  so  as  to  reduce 
the  width  to  one  inch  for  length  of  eight  inches.  Whenever  practicable, 
the  two  flat  sides  of  the  piece  to  be  left  as  they  come  from  the  rolls.  In 
all  other  cases  both  sides  of  the  test  isieces  are  to  be  planed  off. 

All  plates,  angles,  etc.,  which  are  to  be  bent  in  the  manufacture  must, 
in  addition  to  the  above  requirements,  be  capable  of  bending  sharply  to 
a  right  angle,  at  a  working  heat,  without  showing  any  signs  of  fracture. 

All  rivet  iron  must  be  tough  and  soft,  and  pieces  of  the  full  diame- 
ter of  the  rivet  must  be  capable  of  bending  until  the  sides  are  in  close 
contact,  without  showing  fracture  on  the  convex  side  of  the  curve. 

Pius  of  four  and  a  half  inches  diameter  or  less  may  be  rolled  iron, 
but  those  of  greater  diameter  must  be  forged. 

Workmanshijj. — All  workmanship  must  be  first  class;  all  abutting 
surfaces,  except  flanges  of  plate  girders,  must  be  jilaned  or  turned  so  as 
to  insure  even  bearings,  taking  light  cuts  so  as  not  to  injure  the  end 
fibers  of  the  piece,  and  must  be  protected  by  white-lead  and  tallow. 
Abutting  members  must  be  brought  into  close  and  forcible  contact 
when  fitted  with  splice-plates,  and  the  rivet  holes  reamed  in  position 
before  leaving  the  works,  the  plates  being  marked  so  as  to  go  in  the 
same  position  in  erecting. 

Generally  the  use  of  bolts  instead  of  rivets  will  not  be  permitted, 
unless  they  are  turned  conical  and  the  holes  reamed  to  fit  them. 

Rollers  must  be  turned  and  roller-beds  planed. 

Rivet  holes  must  be  carefully  spaced  and  punched,  and  must  in  all 
cases  be  reamed  to  fit,  where  they  do  not  come  truly  and  accurately 
opposite,  without  the  aid  of  drift  pins.  Rivets  must  completely  fill  the 
holes  and  have  full  heads,  and  be  countersunk  when  so  required,  and 
machine  driven  wherever  possible. 
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Compression  members  must  be  straight  and  free  from  kinks  or 
buckles  in  the  finished  piece. 

All  pin-holes  in  pieces  which  are  not  adjustable  for  length  must  be 
accurately  bored  at  right  angles  to  the  axis  unless  otherwise  shown  in 
the  drawings,  and  no  variation  of  more  than  one-sixty- fourth  of  an  inch 
Avill  be  allowed  in  the  length  between  centers  of  pin-holes.  Eye-bars 
must  be  perfectly  straight  before  boring;  the  holes  must  be  in  the  center 
of  the  head,  and  on  the  center  lines  of  the  bar.  Whenever  links  are  to 
be  packed  more  than  one-eighth  of  an  inch  to  the  foot  of  their  length  out 
of  parallel  with  the  axis  of  the  structure,  they  must  be  bent  with  a  gen- 
tle curve  until  the  head  stands  at  right  angles  to  the  pin  in  their  intended 
position  before  being  bored,  suitable  blocking  pieces  being  used  to  keep 
them  in  proper  position  during  the  operation  of  boring.  All  pieces- 
must  be  at  equal  temperatures  when  bored,  and  those  belonging  to  the 
same  panel,  when  placed  in  a  pile,  must  allow  the  pin  at  each  end  to- 
pass  through  at  the  same  time  without  forcing.  Pins  must  be  carefully 
turned,  perfectly  finished  and  straight,  and  when  driven  in  must  have 
pilot  nut  to  preserve  threads.  No  variation  of  more  than  one- thirty- 
second  of  an  inch  will  be  allowed  between  diameter  of  pin  and  pin-hole. 
In  the  case  of  bolts,  a  variation  of  one- sixteenth  of  an  inch  will  be 
allowed  between  diameter  of  bolt  and  hole.  Thickening  washers  must 
be  used  whenever  required  to  make  the  joints  snug  and  tight. 

All  iron  must  receive  one  coat  of  raw  linseed  oil  as  soon  as  received 
at  the  works,  and  a  coat  of  approved  red  oxide  of  iron  before  leaving 
the  works.  All  inaccessible  surfaces  are  to  be  jjainted  with  one  heavy- 
coat  of  red  oxide  of  iron  in  pure  linseed  oil.  All  iron  to  be  scraped 
clean  from  the  scale  before  painting. 

The  whole  of  the  construction  to  be  first-class  work,  and  in  strict 
accordance  with  the  drawings  and  these  specifications.  In  the  case  of 
sub-contractors,  the  specifications  are  fully  binding  on  them  in  every 
respect,  and  free  access  and  information  is  to  be  given  by  them  for 
thorough  insjjection  of  material  and  workmanship,  and  all  required  test- 
pieces,  etc.,  properly  shaped,  are  to  be  provided  as  may  be  requested, 
without  charge.  All  shipments  of  material  not  properly  inspected  and 
passed  are  at  the  risk  of  the  contractor. 

In  all  cases  figures  are  to  be  taken  in  preference  to  any  measurements 
by  scale. 

No  alterations  are  to  be  made  unless  authorized  by  the  engineers. 
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Discussion  by  Theodore  Cooper,  W.  Howard  White,  G.  BorscAREN, 
WujiiAM  H.  Burr,  S.  W.  Robinson,  Geo.  L.  Vose,  J.  B.  Da\-is,  Geo. 
F.  Swain,  Mace  Moulton,  A.  P.  Boller,  Mansfield  Merriman, 
James  G.  Dagron,  William  Sellers,  Edwin  Thacher,  George  H. 
Pegram,  C.  C.  Schneider,  T.  C.  Clarke,  and  Joseph  M.  Wilson. 

Theodore  Cooper,  M.  Am.  Soc.  C.  E. — The  purpose  of  presenting 
this  paper  before  the  Society  was,  imdoiibtedly,  to  obtain  the  benefit 
of  criticism  from  bridge  experts  in  regard  to  the  accompanying  speci- 
fications. This  paper  is  one  on  which  there  is  a  decided  difference 
of  opinion,  and  I  hope  there  will  be  a  full  discussion  upon  the  subject. 
My  own  belief  and  practice  is  totally  at  variance  with  many  of  the  views 
herein  advocated  by  the  author. 

For  obtaining  the  unit  strains  to  be  used  in  proijortioning  the  various 
members  and  details  of  a  bridge,  the  author  has  introduced  into  his 
specifications  the  form  of  formulas  advocated  by  Launhardt  and  Wey- 
rauch  as  deduced  by  them  from  the  consideration  of  Wcihler's  experi- 
ments. 

Of  the  value  of  these  experiments  of  Wohler  there  is  no  question. 
They  are  the  most  interesting  set  of  experiments  ever  made  upon  the 
strength  of  materials,  being  made  in  a  manner  to  tax  the  material  in  a  like 
manner  to  that  of  actual  use.  The  results  are  remarkable  and  deeply 
interesting.  They  are,  however,  too  limited  to  satisfy  our  desires. 
Theorists  have  endeavored  to  fill  the  want,  by  deducing  formulas  from 
these  limited  experiments  to  cover  all  possible  cases  in  practice.  Such 
are  the  formulas  of  Launhardt  and  Weyrauch.  They  have  been  before 
the  profession  for  some  years,  and  have  been  pretty  thoroughly  dis- 
cussed, notably  between  the  French  and  German  engineers  for  the  past 
five  years. 

At  the  best,  they  simply  represent  the  breaking  strains;  whereas,  it  is 
now  generally  accepted,  that  for  permanently  safe  structures  we  must 
have  regard  solely  to  the  permanent  elastic  condition  of  every  member. 


41G  DISCUSSION"    ON   STRENGTH   OF   IRON    BRIDGES. 

Wohler's  experiments  show  very  conclusively  that  while  good  iron, 
strained  as  usual  in  our  testing  machines,  may  have  a  certain  range  of 
elasticity  from  a  zero  of  strain,  this  range  of  elasticity  only  holds 
for  other  kinds  of  straining  by  measuring  it  from  the  initial  condition  of 
the  test  piece.  For  example,  for  material  having  a  range  of  elasticity  of 
34  000  pounds  per  square  inch,  when  measured  from  zero  the  range 
will  only  extend  from  — 17  000  to  +  17  000  when  the  material  is  subject 
to  alternating  strains.  This  is  not  represented  by  the  above-mentioned 
theoretical  formulas.  They  cannot  therefore  be  accepted  in  their  full 
significance.  Hence  they  should  not  be  used  as  the  author  uses  them. 
I  also  object  to  their  use  for  other  reasons. 

Firsf. — They  leave  in  too  indefinite  a  shape  the  definite  instructions 
which  should  be  i^ut  in  general  specifications  for  the  use  of  those  who 
are  to  l)id  upon  any  work;  leaving  too  much  room  for  varying  interpre- 
tations by  different  designers,  thus  preventing  a  just  and  fair  com- 
petition. 

Second. — They  tend  to  obliterate  the  judgment  and  responsibility  of 
the  engineer,  and  to  place  the  same  wpon  the  contractor,  where  it  does 
not  belong. 

The  author  in  like  manner  treats  the  question  of  impact,  and,  as  before, 
I  object  to  the  method.  We  do  not  know  the  eflfects  of  imj)act  upon  our 
structures  and  their  individual  members  with  sufficient  definiteness  to 
formulate  any  law,  nor  do  I  think  we  can  define  a  required  percentage 
for  the  different  members  in  such  a  manner  as  to  bring  a  number  of 
different  jaroposals  to  an  equal  and  just  comparison.  The  form  and 
construction  of  any  member  has  also  a  large  influence  ujion  its  ability  to 
resist  impact.  A  built  member  formed  by  riveting  a  number  of  pieces 
together  canunot  resist  such  action  as  well  as  one  homogeneous  body, 
nor  will  a  short  suspender  as  well  as  a  long  one. 

In  all  such  matters  we  must  be  guided  rather  by  experience  than 
theory;  our  judgment  can  be  guided  by  the  experience  of  others  and 
also  by  due  consideration  of  even  imperfect  theories  such  as  Laun- 
hardt's  formulas  and  the  various  allowances  for  imjiact.  The  results 
should  then  be  clearly  and  definitely  stated  in  our  specifications. 

My  own  si^ecifications  for  bridges,  which  are  at  least  in  as  extensive 
use  as  any  other  in  the  United  States,  are  based  upon  this  belief.  The 
unit  strain  to  be  allowed  upon  each  kind  of  member  is  definitely  stated, 
all  allowances  being  given  due  consideration  before  selecting  the  same. 
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Another  merit  of  tliis  method  is,  that  the  engineer  can  so  assess  the  unit 
strains  upon  undesirable  forms  as  to  favor  what  he  believes  to  be  the  best 
practice. 

I  believe  I  can  claim  to  have  drawn  the  first  bridge  specification 
(Erie  Kailroad  Bridge  Specifications,  1879)  in  which  there  was  no  recog- 
nition of  tlie  so-called  factor  of  safety  or  "factor  of  ignorance."  This 
led  necessarily  to  the  definite  selection  of  the  unit  strains  for  each  par- 
ticular case.  The  results  of  my  practice  and  observation  since  have 
satisfied  me  of  the  desirability  of  thus  definitely  defining  all  unit  strains 
without  i30ssibility  of  misconstruction. 

For  identically  similar  reasons  I  object  to  the  specifying  of  the  unit 
force  as  so  much  per  square  foot  of  the  exposed  surface,  and  the  deter- 
mination of  the  lateral  stability  from  such  data.  It  is  not  correct,  and  is 
too  indefinite.  Lateral  strains  are  due  both  to  wind  and  the  oscillations 
of  the  trains.  With  our  usually  accepted  practice,  it  is  fully  as  correct 
and  far  more  definite  to  specify  a  fixed  amount  of  lateral  force  per  lineal 
foot  of  the  loaded  and  unloaded  chords,  based  upon  the  results  of 
accumulated  experience.  I  have  endeavored  to  make  clear  in  a  general 
way  my  ideas  as  to  the  princij)les  upon  which  specifications  should  be 
based. 

There  are  many  matters  of  detail  in  the  specification  submitted  which 
I  could  not  approve,  but  it  will  not  be  necessary  to  enter  ui)on  these,  as 
they  are  clear  to  any  one  upon  comparison  with  my  own  specifications. 
I  regret  that  the  author  has  not  expressed  his  reasons  for  the  following 
clause:  "Girders  formed  with  web  plate  and  angles  only,  having  no  up- 
per flange  plate  proper,  will  not  be  allowed."  This  is  so  contrary  to  the 
practice  of  every  other  designer,  that  it  should  have  a  reason.  My  own 
practice  is  never  to  use  any  flange  plates  if  angles  can  be  obtained  heavy 
enough  to  give  the  required  sectional  area. 

The  author  in  his  papier  refers  to  an  article  of  mine  published 
some  eight  years  ago,  on  the  principles  governing  the  thickness  of  the 
web  pitch  of  rivets  and  stiff'eners  in  plate  girders.  He  is  wrong  in  his 
conclusions  therefrom,  that  I  would  "  i)lace  stifi"eners  2  J  feet  apart  "  in 
a  girder  60  inches  deep  and  60  feet  long. 

While  the  principles  are  correct  from  which  he  deduces  this  result,  I 
would  never  in  my  practice  use  it  to  any  such  extreme.  I  have  seen 
girders  of  this  kind,  but  they  were  made  by  those  who  do  not  under- 
stand the  principles  of  designing  a  plate  girder,  in  my  opinion.     The 
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web  has  a  certain  duty  to  perform  in  transferring  the  shearing  strains, 
both  vertical  and  horizontal.  The  horizontal  shear  between  the  web 
plate  and  the  flange  angles  determines  the  number  of  rivets  at  each  part 
of  the  girder.  Practical  considerations  determine  the  number  of  rivets 
that  can  be  placed  within  a  definite  limit  of  the  angles  (about  3-inch 
pitch  for  a  single  row  of  rivets  and  about  2i  in  double  rows).  The  bear- 
ing pressure  on  the  rivets  is  usually  limited  to  12  000  pounds  per  square 
inch.  With  rivets  then  at  3-ineh  pitch  the  horizontal  shear  is  limited 
to  4  000  pounds  per  square  inch  of  web.  The  vertical  shear  is  equal  to 
the  horizontal  shear. 

Using  a  shear  of  4  000  pounds,  our  web  plate  would  be  about  f 
thick,  which  would  be  abundant  if  there  was  not  a  liability  for  the  web 
to  crumple  under  this  amount  of  compression.  This  may  be  overcome 
in  one  of  three  ways,  or  a  combination  of  the  three: 

First. — Increase  the  thickness  of  the  web  to  the  J-inch  thickness,  as 
given  by  the  author. 

Second. — Add  stiffeners  at  intervals  (my  own  practice  is  at  intervals 
about  equal  to  the  depth  of  girder)  until  a  point  nearer  the  center 
of  the  girder  is  reached,  where  the  original  web  of  |  is  stiff  enough  to 
resist  the  shear  at  that  point. 

TIii)-d. — Keduce  the  depth  of  the  girder  (not  desirable  in  the  ex- 
ample given). 

Fourth. — Use  a  thickness  of  web  intermediate  between  the  two 
extremes  with  a  less  amount  of  stiffeners. 

For  each  case  in  practice  the  designer  must  select  the  method  giving 
the  most  economical  results,  including  cost  of  manufacturing.  Fre- 
quent cases  have  come  to  my  notice  where  the  stiffeners  added  to  the 
webs  have  contained  enough  material  to  have  made  the  web  throughout 
of  the  maximum  thickness,  and  have  not  only  saved  the  workmanship 
put  upon  the  stiffeners,  but  placed  the  metal  in  the  web  where  it  would 
have  added  considerably  to  the  strength  of  the  girder  (though  we  do 
not  usually  allow  it  to  be  estimated). 

"While  Mr.  Wilson's  idea,  that  many  girders  act  as  Pratt  trusses,  is 
perhaps  correct,  I  do  not  consider  it  good  practice  to  design  the  girders 
upon  this  idea. 

When  we  look  back  only  a  few  years,  and  see  how  crude  were  the 
specifications  upon  which  so  many  of  our  older  bridges  were  built,  it  is 
a  wonder  the  work  was  done  as  well  as  it  was,  and  little  wonder  that 
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they  are  now  proviug  their  defects  under  the  present  increased 
loadings. 

These  specifications  then  consisted  essentially  of  "bridge  to  be  of 
such  a  length;  rolling-load,  2  000  to  2  500  pounds  per  lineal  foot;  and  a 
factor  of  safety  of  5;  workmanship,  first-class." 

It  is  too  often  the  case  now  to  see  specifications  which  are  simply 
compilations  from  other  specifications  (frequently  good  ones),  but  made 
in  such  a  manner  that  they  are  contradictory  and  unintelligible,  clauses 
being  omitted,  because  not  understood  perhajjs,  which  modify  or  com- 
plete other  clauses  which  are  selected.  I  have  read  Mr.  Wilson's  sj^eci- 
fications,  and  I  think  my  criticisms  are  based  upon  a  correct  understand- 
ing of  them. 

Mr.  Wilson's  experience  has  been  a  limited  one  in  one  sense.  I  do  not 
say  this  to  reflect  upon  Mr.  Wilson,  for  we  all  recognize  his  ability  and 
his  standing  in  the  profession.  But  as  engineer  of  bridges  for  the 
Pennsylvania  Eailroad,  his  designs  have  been  built  by  a  limited  number 
of  builders,  and  those  of  the  best  class,  and  he  has  also  been  largely 
the  designer  of  the  works  he  has  constructed.  He  has  not  had  that 
contact  with  inferior  builders  necessary  to  discover  how  ingeniously 
they  can  take  advantage  of  the  weak  points  of  a  specification. 

A  specification  upon  one's  own  designs  and  confined  to  only  the  best 
class  of  manufacturers,  need  not  be  as  definite  or  as  strong  as  one  for 
general  bidding,  or  subject  to  the  interpretation  of  other  engineers. 

An  experience  of  a  wide  range  has  led  me  to  provide  for  such 
cases,  and  thus  to  introduce  clauses  which  are  looked  upon  as  unneces- 
sary by  those  who  have  not  had  the  same  exjierience. 

Many  a  contract  has  been  decided  in  favor  of  a  particular  bidder 
who  was  sharjj  enough  to  take  advantage  of  some  clause  badly  ex- 
pressed, or  some  requirement  expected,  but  not  definitely  specified. 

It  is  the  engineer's  duty  to  remove  these  questions  of  doubt,  remove 
theories  and  formulas  subject  to  misinterijretation,  and  state  definitely 
and  fully  what  he  wants,  so  that  the  reputable  and  conscientious  con- 
tractors have  a  fair  and  ojjen  field  for  competition  against  those  who  are 
less  scrupulous  or  intelligent. 

First-class  builders  like  a  strong,  clear  and  full  specification,  intelli- 
gently interpreted. 
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W.  HowAED  White,  M.  Am.  Soc.  C.  E. — Mr.  Wilson  proliibits  the 
allowance  of  web  in  calculating  plate-girder  flanges.  I  suppose  this 
must  be  for  convenience,  or  does  he  in  constructing  his  theory  of  girder- 
web  action  abandon  entirely  the  old  method  of  calculation,  as  a  beam 
with  notches  ciit  out  of  the  sides? 

Does  Mr.  Wilson  extend  his  prohibition  of  girders  without  top  plates 
over  angles  to  floor  beams  whose  top  flanges  are  well  held  in  line  hj 
stringers  or  floor  plating  over  them,  and  if  so,  why? 

Is  he  not  a  Uttle  rigorous  in  exacting  flange-joint  covers  in  all  cases 
in  compression  ?  Such  plates  would  give  rather  patchy  looking  work  in 
long  tower  posts.  Would  not  planed  and  well  butted,  and  carefully 
broken  joints  do  nearly  as  well  constructively,  and  give  neater  work  ?  I 
must  take  exception  to  his  width  between  track-tie  centers  giving  clear 
spaces  of  ten  inches. 

To  my  mind  these  spaces  should  be  made  as  small  as  practicable. 
The  limit  should  be  such  width  as  will  allow  of  examination  of  the  struc- 
ture immediately  under  the  track,  such  as  rivets  and  laterals,  without 
being  slung  below,  and  it  should  also  not  be  so  narrow  as  to  risk  holding 
coals  dropped  from  fire-boxes  in  passing.  I  adhere  to  the  5  inches  which 
I  have  previously  advocated  for  clear  space  in  bridge  floors,  and  I  have 
also  seen  no  reason,  with  lapse  of  time,  for  abandoning  my  preference 
for  inside  guards  where  only  one  kind  are  used. 

Mr.  Wilson  places  the  limit  of  i^ressure  on  masonry,  300  jjounds  per 
square  inch,  very  low.  This  gives  only  21^  tons  j^er  square  foot,  a 
weight  which  fairly  gook  brick-work  can  carry,  and  any  good  build- 
ing stone  will  carry  five  to  twenty-five  times  as  much.  The  objection 
to  such  a  low  limit  is  the  excessive  size  of  bed-plates  required,  particu- 
larly in  high  iron-pier  bearings. 

Before  seeing  Mr.  Wilson's  paper  I  had  intended  making  some  obser- 
vations on  wind  strains  in  continuation  of  the  discussions  in  previous 
years  on  the  jjapers  by  Messrs.  Ashbel  Welch,  C.  Shaler  Smith,  and  F. 
Collingwood,  Members  Am.  Soc.  0.  E. ,  and  as  they  had  hardly  seemed 
of  suflicient  value  or  importance  to  put  forward  as  a  separate  paper,  I 
am  glad  to  hitch  on  to  Mr.  Wilson's  more  powerful  train. 

In  considering  wind  strains  there  is  a  good  deal  of  latitude  as  to  how 
much  wind  pressure  should  be  allowed,  and  as  to  the  nature  of  the  dis- 
tribution of  the  same. 

For  instance,  we  in  the  United  States  nominally  allow  as  a  rule  30 
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pounds  per  square  foot  of  exposed  surface  as  a  maximum,  while  the 
new  Forth  Bridge  is  being  built  on  a  56-pound  basis,  and  in  Germany 
the  practice  is  very  various. 

The  first  question  which  presents  itself  is,  What  is  to  be  considered 
as  exposed  surface? 

Probably,  on  inquiry  of  bridge  engineers,  nearly  as  many  different 
statements  of  the  manner  of  making  this  allowance  would  be  got  as  there 
were  answers.  They  would,  however,  differ  mainly  in  such  matters  as 
allowance  for  smaller  surfaces,  such  as  laterals  and  sway  braces,  rails 
and  adjoining  guard  timbers,  which  would  not  make  a  very  material  dif- 
ference in  the  total  wind  pressure. 

The  allowance  made  at  the  Forth  Bridge,  as  stated  by  Mr.  Baker  in 
his  address  before  the  British  Association  in  1884  (see  Engineer^ 
29th  August,  1884),  is  to  be  "  fifty- six  pounds  per  square  foot,  striking^ 
the  whole  or  any  part  of  the  bridge  at  any  angle  with  the  horizon,  and 
acting  squarely  or  obliquely  upon  an  area  equivalent  to  twice  the  plane 
surface  of  the  front  girders,  with  the  deduction  of  50  per  cent,  in  the 
case  of  tubes." 

Mr.  Baker  used  in  his  experiments  a  very  ingenious  arrangement  for 
ascertaining  the  area  of  flat  surface  equivalent  to  the  surface  of  his 
bridge  members.     This,  as  described  in  his  address,  consisted  of  a  hori- 
zontal cross-bar  suspended  by  a  string  at  its  middle  point.     A  model  of 
the  ijortion  of  the  bridge  to  be  tested  is  placed  at  one  end  of  the  bar,  and 
an  adjustable  flat  surface  at  the  other.     On  swinging  the  pendulum  so 
arranged  with  the  cross-bar  at  right  angles  to  the  plane  of  oscillation,  if 
the  surfaces  balanced  were  not  equivalent  in  resistance,  one  or  the  other 
would  advance.     The  difficulty  with  this  process  seems  to  be  to  ascertain 
the  center  of  pressure  of  the  model  with  accuracy .    How  this  was  done 
was  not  stated.  Possibly  it  might  be  determined  exactly,  but  rather  tedi- 
ously, thus:  First,  assuming  the  center  of  pressure,  clamp  the  model  on 
the  bar  at  a  given  distance  from  the  string  on  a  pin  through  the  assumed 
center.     Balance  the  model  for  pressure  by  a  flat  surface,  Avith  its  center 
of  pressure  at  same  distance  from  the  string  as  the  pin.     Then  turn  model 
partly  round  on  pin  and  see  if  the  result  agrees  with  the  previous  one, 
adjusting  accortlingly  until  the  model  in  any  position  with  regard  to  the 
center,  balances  the  flat  surface.    Mr.  Baker's  results  are  interesting,  and 
in  some  respects  surprising,  inasmuch  as  he  found  that  two  i^lates  cor- 
responding to  girdera,  connected  by  a  floor  plate  at  the  bottom,  gave  only 
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"90  per  cent,  of  the  resistance  of  a  single  plate.  It  is  difficult  to  see  how 
this  can  be.  Mr.  Baker's  results  on  disks  placed  one  behind  the  other,, 
show  the  small  resistance  produced  liy  our  chord-bar  arrangement  as 
■compared  with  European  systems.  He  found  that  with  two  disks  1 . 5 
•diameters  apart,  the  resistance  to  wind  was  one  and  a  quarter  times  that 
-of  a  single  disk,  and  other  disks  could  be  introduced  at  will  without  in- 
creasing the  resistance.  In  point  of  fact  it  would  seem  probable,  from 
his  results  on  the  effect  of  connection  plates,  that  intermediate  plates 
would  diminish  rather  than  increase  the  pressure  on  two  plates  at  a  given 
distance  apart,  by  preventing  free  access  of  the  wind  to  the  surface  of 
pressure.  Further  particulars  of  the  results  of  the  exi^erimeuts  can  be 
found  in  the  above-mentioned  paper. 

A  further  question  as  to  chord-bars  is  the  eilect  of  wind  jjressure  on 
the  outer  one  of  a  set  in  long  i^anels.  Where  a  single  bar  receives  the 
pressure,  and  takes  up  the  chord  strain,  it  will  yield  laterally  until  the 
resistance  to  transverse  strain,  and  its  action  as  a  catenary,  together  bal- 
ance the  rod  pressure.  The  increase  of  tension  in  the  stretched  side  of 
the  bar  is  its  only  increase  of  fiber  strain,  since  the  aggregate  tensile 
strain  in  the  bar  must  remain  the  same — namely,  that  due  to  its  action 
as  a  tension  member  of  the  trnss — whether  it  be  straight  or  bent  by  wind. 

If,  however,  the  outer  bar  be  one  of  a  set,  as  is  usually  the  case,  pro- 
tecting the  other  bars  from  deflection  by  wind,  but  forced  to  extend 
itself  in  order  to  take  up  the  transverse  pressure  of  the  wind,  which 
would  otherwise  cause  infinite  tension  in  this  bar,  the  question  is  much 
more  complicated,  and  the  strain  produced  more  serious  in  amount — a 
very  imi:)ortant  factor,  in  fact,  in  determining  what  the  maximum  strain 
in  the  chord  really  is. 

If  one  assumes  that  the  outer  chord-bar  of  a  panel  25  feet  long  is  de- 
flected by  the  wind  into  contact  with  the  next  bar,  say  li  inches;  in  order 
that  the  bar  may  be  held  in  this  position  by  catenary  action,  a  certain 
longitudinal  strain  is  required,  producing  a  definite  elongation.  A  rough 
calculation  of  the  effect  of  a  30-pound  per  square  foot  wind  will  show  that 
the  length  of  the  arc  formed  by  the  bar  with  the  deflection  assumed,  has 
not  increment  enough  over  the  length  of  the  straight  bar  to  produce  this 
elongation.  It  follows,  therefore,  that  the  bar,  with  such  a  wind,  must  rest 
against  the  next  one,  which,  in  turn  would  be  deflected;  and  the  result 
of  this  action  would  be  a  slight  deflection  of  the  pins  were  it  not  that  the 
same  action  is  taking  place  in  the  next  panel.     The  whole  problem  thus 
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becomes  excessively  complicated.  A  solution  of  it,  thoroughly  in  ac- 
cordance with  the  spirit  of  oiir  bridge  building — and,  indeed,  with  the 
sjjirit  of  our  mechanical  art  in  general,  which  aims  at  the  avoidance  of 
complicated  situations  as  to  strains  or  mechanism — would  be  the  inser- 
tion of  stops  between  the  chord-bars.  These  might  be  arranged  to  pro- 
ject downward  from  a  horizontal  head  lying  on  the  chord.  Or  they 
might  consist  of  a  series  of  plates,  clamped  together  by  a  bolt  at  top  and 
bottom,  and  imparting  a  desirable  stiffness  to  the  chord,  though  the 
solution  would  be  objectionable  in  appearance. 

Before  going  further  into  the  details  of  wind-pressure  effect,  I  will 
return  once  more  to  the  amount  of  allowance  to  be  made.  The  absolute 
amount  assumed  per  cubic  foot  is,  in  any  event,  somewhat  arbitrary. 

It  would  not  be  worth  while,  if  indeed  possible,  to  build  bridges 
fltrong  enough  to  resist  the  hurricanes  they  are  occasionally  exposed  to 
in  the  United  States.  Thirty  pounds  probably  covers  all  tempests 
w'hich  are  not  really  phenomenal,  and  it  is  well  to  build  bridges  strong 
enough  to  resist  such  a  wind  jDressure  Avhen  unloaded. 

The  question,  then,  is:  What  pressure  ought  they  to  resist  when 
otherwise  fully  loaded?  A  loaded  box  car  will  stand  upon  the  tracks 
with  over  30  pounds  per  square  foot  of  wind  pressure,  but  a  man  cannot 
remain  upon  his  feet  in  such  a  wind,  even  though  his  body  is  horizontal, 
and  his  legs  at  an  angle  of  sixty  degrees  with  the  ground.  About 
twenty-six  pounds  is  the  limit  for  keeping  his  feet.  Now,  though  a 
train  might  be  found  on  a  bridge  when  such  a  pressure  occurred,  it  is 
hardly  possible  that  an  engine-driver  would  take  his  train  on  to  a  bridge 
while  such  a  wind  is  blowing.  Occasional  gusts  of  such  force  would  be 
resisted  somewhat  by  the  inertia  of  the  bridge  itself,  and  might  be  al- 
lowed to  produce  an  effect  on  the  loaded  chords  up  to  the  elastic  limit. 
Something,  however,  should  be  allowed  in  chord  strains  for  a  surplus 
strain  due  to  wind  pressure  in  excess  of  load  strains,  though,  strangely 
enough,  it  is  often  not  done,  the  bridge  being  proportioned  for  wind 
pressure  in  the  laterals  without  any  allowance  at  all  in  the  chords.  *  It 
will  be  evident  from  the  above,  that  while  indorsing  thirty  pounds  per 

*  Mr.  Wilson  neatly  covers  this  point  by  providing  that  "  in  case  the  maximum  stresses 
in  the  chords  of  bridges  or  flanges  of  floor  girders  due  to  wind  and  centrifugal  force  (the 
chords  and  lateral  bracing  being  considered  as  a  truss  lying  on  its  side,  added  to  the  maximum 
stresses  in  the  chords  or  flanges  due  to  vertical  loading)  shall  exceed  the  above-mentioned 
limits  of  15  000  and  12  000  pounds  per  square  inch  in  tension,  and  12  000  pounds  per  square 
Inch  in  compression  properly  reduced,  additions  must  be  made  to  such  chords  or  flanges 
•until  such  limits  are  not  exceeded." 
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square  foot  as  a  basis  for  laterals,  I  would  proportion  the  chords  for  a 
wind  pressure  in  excess  of  the  strain  produced  by  the  load  of  something 
considerably  less  than  thirty  pounds — say  twenty  pounds.  Practically 
all  wooden  bridges  in  the  United  States,  and  a  large  part  of  the  iron 
bridges  of  the  United  States  and  Europe,  are  built  in  such  a  way  that 
the  wind  pressures  in  the  top  chord  are  for  the  most  part  carried  down 
to  the  lower  chords  by  transversely  straining  the  posts,  and  thence, 
through  the  lower  laterals,  to  the  abutments.  At  the  same  time  these 
bridges  are  not  proportioned  against  wind  on  any  such  basis. 

Where  the  bridge  portal  is  not  strong  enough  to  take  up  the  trans- 
verse pressure  produced  by  wind  in  the  top-chord  system,  it  is  obvi- 
ous that  there  is  no  advantage  in  increasing  the  sizes  of  the  top  diagonals 
toward  the  ends,  since  there  is  nothing  for  them  to  bear  against.  The 
laterals  (diagonals)  in  such  cases  are  merely  an  assistance  in  holding  the 
top  chord  in  line,  and  they  can,  in  the  case  of  a  deck  bridge  thoroughly 
sway-braced,  be  perfectly  well  omitted,  if  it  is  desirable  to  do  so  for  any 
reason,  such  as  an  exigency  of  floor  construction. 

In  truss  bridges,  without  strong  portals,  the  rocking  motion  of  the 
wind  causes  an  increased  percentage  of  load  on  the  lee  chord.  If  P  is 
the  wind  pressure  per  lineal  foot  of  bridge;  h  the  height  of  its  point  of 
application  above  the  chord  center;  a  the  width  between  chord  centers; 
and  TFthe  weight  per  lineal  foot  of  the  load  on  each  truss,  the  increased 

Ph 
percentage  of  load  on  the  lee  chord  is  represented  by  .^  .  This  in- 
crease of  load  is  to  be  treated  exactly  as  ordinary  load,  since  it  is  an 
absolutely  downward  pressure  at  the  post  foot,  and  independent  of  the 
horizontal  effect  of  wind  pressure,  the  whole  of  which  must  in  such 
cases  be  taken  up  by  the  bottom  chord. 

If  any  one  has  any  doubt  as  to  the  double  increase  of  strain  on  the 
lower  chord  arising  in  this  way,  a  simple  experiment  will,  I  think,  dis- 
pel such.  Take  a  block  of  wood,  of  which  the  length  and  width  are 
proportional  to  the  height  and  width  of  a  truss,  while  the  thickness  of 
the  block  stands  for  a  panel  length  or  any  other  unit,  and  stand  this  on 
a  table.  The  friction  on  the  table  then  takes  the  place  of  the  lower 
chord  lateral  trussing.  If  we  attach  a  weight  by  a  thread  to  the  base 
of  the  block,  pulling  it  transversely  to  the  bridge  section,  Ave  have  a 
representation  of  the  part  of  the  wind  pressure  which  is  borne  directly 
by   the  lower  chord.     A  weight  similarly  connected  to  the  top  of  the 
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block,  and  pulled  in  the  same  horizontal  direction,  represents  top- 
chord  wind  pressure.  If  the  weights  are  made  sufficient  to  just  not 
slip  the  block  on  the  table,  it  will  be  found  that  it  is  immaterial  in  the 
effect  whether  both  threads  are  attached  to  the  bottom,  or  one  to  the 
top  and  the  other  to  the  bottom.  It  is  therefore  evident  that  when  the 
strings  are  in  the  latter  position,  representing  a  bridge  without  top 
laterals,  or  a  strong  j^ortal  for  them  to  abut  against,  the  whole  wind 
pressure  is  resisted  by  the  bottom  laterals,  as  was  to  be  expected.  But 
in  this  position  it  is  also  evident  that  the  lee  edge  of  the  block  gets 
an  increase  of  load,  which  was  also  to  be  expected;  but  in  view  of  the 
tremendous  increase  of  strain  thus  broiight  upon  the  lee  lower  chord, 
the  experiment  is  not  uninteresting. 

When  this  transfer  of  top-chord  wind  pressure  to  the  lower  lateral 
system  is  effected  by  short  braces  in  the  upper  corners  of  the  cross- 
section,  the  increased  load  is  be  reckoned  into  the  load  on  the  top  of 
posts,  and  an  ugly  transverse  strain  in  the  j^osts  is  caused,  which  must 
be  duly  provided  for.  For  this  reason  the  more  recent  practice  of 
heavy  portals  carrying  the  entire  top-chord  strain,  leaving  the  post  free 
from  transverse  pressure,  is  decidedly  the  better  one,  and  will  be  found 
so  also  in  deck  bridges  in  a  majority  of  cases. 

Sway  braces,  so  called,  are,  however,  highly  desirable  in  deck  bridges; 
and  in  through  bridges  where  the  height  is  sufficient  to  admit  of  an  over- 
head panel  with  horizontal  strut  top  and  bottom,  and  diagonal  ties;  first, 
to  reduce  the  free  length  of  the  posts;  secondly,  in  double-track  bridges 
to  assist  in  distributing  the  load  over  both  trusses;  and  thirdly,  to  serve 
the  same  purpose  in  single-track  bridges  in  high  winds,  when  the  live 
load  is  iinequally  divided  upon  the  two  trusses,  through  the  effect  of 
the  wind  moment  on  the  train. 

In  deck  bridges,  where  both  reduction  of  post  length  and  distribu- 
tion of  load  is  needed,  sway  bracing  must,  of  course,  be  double- decked. 
It  will  be  evident  that  where  inclined  portals  are  used,  we  save,  in 
addition  to  other  savings,  the  top-chord  strain  over  the  whole  length  of 
chord  due  to  wind  pressure  of  one  panel,  but  we  throw  an  additional 
chord  strain  into  the  lower  chord  through  the  downward  and  longitudinal 
thrust  of  the  lee  posts  from  top  lateral  action. 

Too  great  care  cannot  be  given  to  the  avoidance  of  transverse  strains 
from  wind-bracing  connections,  against  which  Mr.  Wilson  provides  in  a 
general  way. 
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The  strains  that  roll  up  in  these  members  towards  the  ends  of  a 
large  bridge,  apjjlied  at  an  intersection  with  a  floor  beam  or  cross-strut 
center  a  few  inches  only  fi'om  the  chord,  gives  rise  to  tremendous  hori- 
zontal moments  of  transverse  strains  on  members  which  are  often  but 
little  calculated  for  receiving  it  in  that  direction. 

A  corollary  of  this  action  is  the  twisting  action  produced  by  it  on  the 
feet  of  posts,  and  the  consequent  increase  of  tension  on  inside  chord- 
bars. 

Much  study  may  be  profitably  expended  to  pass  the  centers  of  lat- 
eral ties  as  nearly  as  may  be  through  the  intersections  of  floor-beams 
or  struts  with  the  centers  of  chords,  and  in  the  same  plane  with  the 
latter. 

In  this  matter  of  intersections  on  center  lines  there  is  a  good 
deal  of  slackness  in  girder  practice — witness  the  lattice  girders  on  the 
New  York  elevated  roads,  where  the  diagonal  centers  generally  inter- 
sect the  neutral  axis  of  the  chords  at  least  six  inches  ajiart,  manifestly 
causing  very  serious  transverse  sti'ains  in  the  latter  members. 

An  interesting  subject  for  any  one  mathematically  inclined,  will  be 
found  in  determining  what  strains  come  uj^on  the  upper  lateral  rods, 
and  what  increase  of  strain  on  the  verticals  of  a  covered  Howe  bridge 
through  the  tendency  of  the  wind  pressure  to  rock  the  web  system  over 
into  the  plane  of  the  floor.  It  is  evident  that  this  tendency  has  to  be 
resisted:  first,  by  increased  tension  in  the  vertical  rods  in  preventing 
the  extension  of  length  of  braces  by  rocking  over  on  their  lee  corners; 
and  secondly,  by  a  bending  strain  in  the  tojs  lateral  rods  at  the  points 
where  they  pass  into  the  chords.  This,  of  course,  only  where  (as  is 
almost  always  the  case,  however)  these  bridges  have  no  sway  bracing 
worth  speaking  of. 

In  view  of  the  increased  strain  thrown  ujjon  the  lower  chords  of 
bridges  of  this  class  by  their  mode  of  construction — first,  by  the  transfer 
of  the  whole  wind  strain  to  the  lower  chord;  and  second,  by  the  larger 
proi:)ortion  of  the  load  thrown  upon  the  lee  truss  by  the  rolling  moment 
of  the  wind — it  is  only  surprising  that  the  chronic  weakening  almost 
always  found  in  these  lower  chords  is  not  greater  than  it  is. 

This  would  be  largely  diminished  by  the  adoj^tion  of  portals  framed 
to  take  lip  the  lateral  strains  from  the  top  chord  without  passing  them 
through  the  lower  chord. 

In  conclusion,  I  would  like  to  call  attention  to  discrepancies  fre- 
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quently  found  in  proportioning  roofs,  where  allowance  is  made  for  30 
pounds,  or  even  more,  of  wind,  when  the  walls  of  the  structures  on 
which  the  roofs  are  placed,  such  as  detached  shops,  railroad  stations, 
etc.,  would  not  stand  anything  like  such  a  pressure. 

G.  BouscAKEN,  M.  Am.  Soc.  C.  "E.— First. — The  principal  feature  of 
Mr.  Wilson's  specifications  is  the  general  application  of  Launhardt's 
formula  for  the  determination  of  the  allowable  stress  in  all  classes  of 
bridge  members.  As  this  is  a  radical  departure  from  the  time-honored 
rule  of  the  " ultimate  resistance "  or  "limit  of  elasticity"  reduced  by 
a  "factor  of  safety,"  it  is  interesting  to  inquire  as  to  the  title  of  the 
new  rule  to  such  an  important  succession. 

Launhardt's  formulas  are  the  outcrop  of  Wohler's  and  Spangen- 
berg's  experiments,  made  principally  on  tension  and  bending.  The 
value  of  u  for  compression  is  not  yet  determined  by  experiment.  It  is 
simply  assumed  that  this  value  is  the  same  as  for  tension. 

No  experiments  have  been  made  for  alternate  tension  and  com- 
pression, except  where  the  opposite  stresses  are  equal.  The  formula 
for  alternate  stresses  of  opposite  signs  is  deduced  entirely  by  a  process 
of  reasoning  from  the  results  obtained  in  this  particular  case.  The 
influences  of  rapidity  of  reijetition,  rapidity  of  increase  of  stress,  and 
duration  of  individual  stress  have  not  been  investigated. 

The  formulas  do  not  take  into  account  the  influence  of  shapes  and 
sizes  of  individual  members.  We  all  know,  for  instance,  that  the  same 
working  stress  should  not  be  allowed  on  a  short  suspension  link  as  on  a 
long  tie  rod;  nor  on  a  large  tension  member  as  on  a  rod  of  small  diame- 
ter. Presumably  repetition  of  stress  must  also  give  very  different 
results  for  hard  than  for  soft  ductile  metal,  whether  iron  or  steel. 

In  view  of  these  facts,  it  would  seem  that  the  general  application  of 
Launhardt's  formulas  to  the  variety — in  quality,  shape,  sizes  and  con- 
ditions— of  bridge  members  is  premature,  and  that  adherence  to  the 
old  rule,  for  the  present  at  least,  is  the  safer  jalan. 

All  that  we  can  legitimately  deduce  now  from  the  experiments  of 
the  German  engineers,  is  that  a  strain  within  one  half  of  the  elastic  limit 
is  allowable  for  any  number  of  repetitions  of  the  same  kind;  this  is,  in 
fact,  nothing  more  than  a  confirmation  of  the  old  rule,  with  a  factor  of 
safety  of  one-fourth,  inasmuch  as  the  elastic  limit  is  very  nearly  one- 
half  of  the  ultimate  resistance.     This  factor  is  generally  adopted  for  all 
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parts  of  structures  subject  only  to  static  loads.  It  is  fiirther  reduced 
to  one-fifth  for  structures,  such  as  bridges,  exposed  to  vibi*ations  and 
contingencies  beyond  the  reach  of  exact  analysis,  where  the  action  of 
the  elements,  imperfect  adjustment,  and  the  secondary  strains  due  to 
the  deformation  of  the  structure  under  load,  all  come  in  for  their  quota 
as  disturbing  elements. 

Further  than  this,  the  old  rule  has  the  sanction  of  experience.  This 
is  certainly  an  important  point  in  its  favor. 

I  do  not  know  of  any  instance  where  a  bridge  properly  designed  and 
proportioned,  with  a  factor  of  safety  of  one-fifth,  has  failed,  by  reason 
of  weakness,  under  the  load  it  was  intended  to  carry.  In  the  present 
state  of  our  knowledge  on  the  subject,  the  general  application  of  Laun- 
hardt's  formula  is  in  the  nature  of  an  experiment. 

It  is  true  that  all  advances  in  engineering  are  the  fruits  of  experi- 
ments. But  where  safety  is  the  prime  consideration,  it  would  seem 
that  the  most  suitable  place  for  experiments  is  the  shop,  and  that  the 
teachings  thereof  should  only  be  carried  into  practice  when  shorn  of 
their  speculative  element. 

In  the  i^articular  case  of  members  subject  to  alternation  of  tensile 
and  comi^ressive  stress,  the  ordinary  factor  of  safety  rule  will  not  apply, 
as  account  must  be  taken  of  the  special  weakening  effect  due  to  the 
alternation  of  stresses  of  opposite  signs.  The  usual  practice  of  assum- 
ing for  the  working  stress  on  such  members  the  sum  of  the  two  max. 
imums,  leads  in  most  cases  to  results  evidently  too  large.  Experiments 
to  show  the  exact  measure  of  the  fatigue  of  the  metal  in  such  cases  are 
very  desirable;  in  the  absence  thereof,  I  have  lately  adopted  the  follow- 
ing rule,  inspired  by  Launhardt's  formula,  for  the  determination  of  the 
allowable  stress  per  square  inch  in  both  directions: 

For  tension,  10  000  (l  —  J  -^) 

For  compression,  Ell  —  i  -^  ) 

where  s  and  S  are  respectively  the  smallest  and  largest  of  the  two  maxi- 
mums, regardless  of  signs,  and  R  the  allowable  stress  for  compression, 
calculated  by  Rankine's  formula  with  a  factor  of  i. 

Second. — The  live  load  adopted  by  Mr.  Wilson  is  not  likely  to  be  ex- 
ceeded in  the  near  future,  although  some  roads  are,  I  believe,  using 
consolidation  and  passenger  engines  with  resj^ectively  26  000  and  45  000 
pounds  on  each  pair  of  drivers. 
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Third. — The  rule  requiring  the  concordance  of  the  line  of  stress  with 
ihe  line  of  center  of  gravity  for  each  member  is  a  very  important  one. 
The  extent  to  which  members  may  be  overstrained  by  the  unequal  dis- 
tribution of  strain,  due  to  the  non-observance  of  this  rule  in  designing 
details  and  connections,  will  be  realized,  if  we  rememl)er,  for  instance, 
that  in  the  case  of  a  prismatic  member  of  rectangular  cross-section  of 

width  b  and  area  n,  the  stress  per  square  inch  on  the  edge  ab  is  2  — , 

and  on  the  edge  (/  c,  0  [S  being  the  total  strain),  when  the  center  of 
•stress  is  at  i  of  the  width  from  a  b;  and  when  the  center  of  stress  falls 
on  a  b,  then  the  stress  per  square  inch  is 


on  a  b,      4  -^ 
on  d  c, —  2  — 


Fourth. — With  regard,  to  the  painting  of  bridges,  there  seems  to  exist 
some  difiference  of  opinion  among  engineers  as  to  choice  between  oxide 
of  iron  and  red  lead.  I  have  used  both  extensively,  and  give  the  prefer- 
ence to  red  lead. 

On  the  Cincinnati  Southern  Eailway,  structures  painted  with  three 
•coats  of  the  best  quality  of  iron-clad  paint  had  to  be  repainted  the  fourth 
year;  structures  painted  with  red  lead  in  the  sixth  year.  The  latter  were 
then  in  better  condition  than  the  former. 

The  red  lead  adheres  better  to  the  iron,  and  fails  principally  by  wear 
and  a  gradual  transformation  of  the  red  lead  into  carbonate,  whilst  the 
iron-clad  fails  by  blistering  and  scaling,  which  requires  the  removal  of 
the  old  material  by  scraping  before  a  fresh  coat  can  be  safely  applied. 
When  the  cost  of  this  scraping,  as  well  as  the  shorter  life  of  the  iron 
paint,  are  taken  into  consideration,  the  difiference  of  cost  of  maintenance 
with  the  iron  and  lead  paint  is  very  much  reduced,  and  there  remains, 
in  favor  of  the  lead,  a  greater  sense  of  security,  arising  from  the  fact 
that  less  damage  will  occur  in  case  of  neglect. 

W.  H.  BiTKR,  M,  Am.  Soc.  C.  E.— The  fundamental  principles  of 
"bridge  design  are  very  generally  recognized  at  the  present  time  to  rest 
on  a  philosophical  basis  of  principles,  according  to  which  the  stresses 
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developed  by  exterior  loading  may  in  most  eases  be  analyzed  with 
sufficient  accuracy  for  the  production  of  a  structure  whose  limit  of  re- 
sistance is  essentially  determinate.  These  excellent  specifications  demon- 
strate the  feasibility  of  attaining  this  result,  and  show  how  thoroughly 
rational  striictural  design  has  become,  even  in  the  two  or  three  points 
in  which  it  is  open  to  criticism  on  purely  rational  grounds ;  for 
these  very  features  are  in  the  main  avowedly  theoretical.  It  is  a  matter 
of  surprise,  however,  that  a  series  of  such  excellent  and  minute  direc- 
tions for  design  should  be  preceded  by  an  arbitrary  approximation  re- 
garding the  moving  load,  for  it  will  be  observed  that  after  having  placed 
the  moving  load  in  such  a  position  that  the  locomotive  drivers  are  over 
a  cross-girder,  the  load  on  the  latter  shall  be  considered  the  head  of 
the  train,  all  preceding  load  being  omitted.  The  reason  for  taking  some 
other  load  than  the  actual,  does  not  appear. 

The  methods  for  comijuting  the  absolutely  greatest  stresses  for  any 
system  of  wheel  concentrations  are  so  obvious  and  so  simple,  that  it  is 
difficult  to  imagine  why  they  should  be  displaced  by  an  approximation 
■which  may  not  always  result  in  a  safe  error. 

The  recognition  of  the  fatigue  of  metals,  as  shown  by  the  tests  of 
Weyrauch  and  Spangenberg,  is  certainly  justified;  but  it  should  be 
borne  in  mind  that  they  experimented  on  prepared  test  pieces,  and  not 
on  finished  bridge  members.  This  is  markedly  true  in  the  fatigue  of 
pure  compression,  although  it  is  probably  much  less  than  that  of  pure 
tension;  in  fact  it  is  not  an  exaggeration  to  state  that  almost  nothing  is 
yet  known  regarding  the  fatigue  of  j)ure  compression.  It  would  seem, 
therefore,  a  little  hasty  to  frame  a  formula  for  full-sized  compression 
members  from  results  on  tensile  specimens.  In  reality,  it  is  probably 
most  rational  (as  it  is  convenient)  to  fix  the  minimum  working  limit  for 
the  first  counter  and  increase  uniformly  to  the  maximum  value  for  the 
main  tension  member  nearest  the  end  of  the  truss,  and  proceed  in 
the  same  manner  for  the  compression  web  members. 

The  matter  of  web  stififeners  for  plate  girders  is  one  in  which  the 
author  has  widely  missed  the  rational  basis  which  he  has  certainly 
sought.  The  action  of  shearing  stresses  in  web  plates  has  been  thor- 
oughly understood  since  the  establishment  of  the  mathematical  theory 
of  elasticity  in  solid  bodies,  at  a  period  so  long  previous  to  Professor 
Bankine's  day  that  he  acknowledges  his  indebtedness  to  Mr.  Lame.  It 
■would  be  interesting  to  learn  the  details  of  the  experiment  by  which  he 
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concludes  "that  the  web  resists  by  tension  and  not  by  compression." 
If  the  web  of  the  paper  model  was  made  flexible  by  slitting  it  at  45  de- 
grees (or  any  other  angle)  to  the  neutral  line,  it  was  obviously  rendered 
incapable  of  resisting  by  compression,  and  the  exi^eriment  would  show 
nothing  regarding  the  point  under  investigation.  It  is  perfectly  well 
known,  and  as  firmly  established  as  any  mathematical  triith  can  be,  that 
with  pure  transverse  shear,  as  at  the  neutral  siirface,  equal  intensities  of 
tension  and  compression  exist  at  45  degrees  to  it  and  90  degrees  to  each 
other.  The  corrugations  of  a  buckled  web  plate  verify  these  rational 
conclusions.  It  is  an  actual  and  absolute  impossibility,  therefore,  that 
a  web  plate  should  resist  by  tension  alone. 

The  tension  and  compression  are  inseparable,  and  must  act  together. 
In  this  fact  lies  the  stiffness  of  such  thin  webs  as  mentioned  by  Mr. 
Wilson.  The  tensile  stresses  are  at  right  angles  to  the  assumed 
elementary  columns  {i.  e.,  to  the  compressive  stresses),  and  hold  them 
in  place  at  every  point  of  their  entire  length  by  a  very  considerable 
force,  which  must  be  overcome  before  buckling  takes  place. 

Web  plates,  therefore,  are  far  stiflfer  than  would  ai^pear  from  the 
clumsy  hypothesis  of  isolated  elementary  columns  fixed  at  their  ends 
only.  Nevertheless  there  is  a  limit  beyond  which  stifi'eners  must  be 
used  in  order  to  retain  the  web  in  its  own  plane,  although  that  limit  is 
analytically  indeterminate.  But  it  is  practically  impossible  that  the 
strains  or  deformations  in  the  stifi'eners,  rivets  and  web  plate  should 
adjust  themselves  with  such  nicety  as  is  necessary  to  enable  a  stiffener 
to  take  stress  as  a  strut,  and  it  is  a  matter  of  great  doubt  whether  such 
action  would  take  place  if  such  an  adjustment  were  possible.  If  heavy 
concentrated  loads  are  on  the  flanges  immediately  over  the  tops  of 
closely-fitted  stifi'eners,  the  latter  obviously  may  act  as  struts,  but  after 
the  web  has  once  taken  the  shear,  it  requires  a  very  extraordinary  condi- 
tion of  things  to  render  a  stiffener- striit  possible.  If  the  web  plate  can 
be  retained  in  its  plane,  its  resistance  becomes  equal  to  the  pure  shearing 
capacity  of  its  tranverse  section,  and  the  office  of  the  stiffener  is  no  less 
important  than  to  produce  that  result. 

Just  the  frequency  with  which  these  stiffeners  must  be  used,  and 
their  necessary  sections,  are  yet  matters  of  experience  only.  They  be- 
long to  the  many  still  open  questions  which  may  be  qualitatively,  but 
not  quantitatively,  answered.  The  ordinary  and  conventional  rule 
used  by  Mr.  Wilson  for  the  spacing   of  the  stiffeners  is   probably   as 
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good  as  any,   after  they  become  necessary,  but  his  sections  are  quite 
excessive. 

The  work  to  which  these  specifications,  as  a  whole,  lead,  is  certainly 
of  a  most  substantial  and  satisfactory  character, 

S.  W.  Robinson,  M,  Am.  Soc.  C.  E. — In  a  paper  presented  by  the 
writer  to  this  Society,  on  Vibration  of  Bridges,  results  of  observa- 
tions with  a  bridge  indicator  were  given,  in  which  the  superadded 
strain,  due  to  vibrations  caused  by  the  non-balanced  locomotive  drivers, 
was  28  per  cent,  of  the  maximum  strain  caused  by  the  passing  train 
when  statically  considered.  Likewise  an  observed  superadded  strain, 
due  to  vibrations  caused  by  the  body  of  the  train,  was  given,  which 
was  50  per  cent,  of  the  strain  due  to  the  corresponding  part  of  the  train 
statically  considered.  Also,  it  was  shown  that  certain  diagrams  taken 
gave  statical  strains  for  the  train  itself  in  excess  of  like  strain  due  to 
the  locomotive  for  the  same  trains.*  Also,  the  observed  fact  that  in 
practice  train  loads  may  exceed  engine  loads  f  was  mentioned  as  a 
reason  Avhy  the  50  per  cent,  should  be  i^rovided  for  instead  of  the  28 
per  cent,  in  designing  bridges  where  conditions  favor  vibrations  from 
the  train. 

The  bridge  from  which  these  particular  per  cents,  were  obtained  was 
a  through  iron  Pratt  truss  of  141-foot  span,  and  9  i^anels  of  15f  feet 
each. 

The  above  percentages  are  due  to  cumulative  action  or  to  a  series 
of  conspiring  impulses,  and  therefore  of  much  greater  intensity  than  if 
produced  by  a  single  imj^ulse  of  the  same  kind.  Also,  it  should  be 
noted  that  the  percentages  stated  are  not  hypothetical  ones,  but  are  solid 
facts  of  observation  read  off  from  the  direct  and  positive  autographic 
records  made  by  the  bridge  of  its  own  vibratory  movements  occasioned 
by  the  passage  of  trains.  Most  of  the  13  bridges  from  which  auto- 
graj^hic  records  were  obtained,  gave  results  of  like  kind,  though  not  all 
of  equal  degree. 

Some  foreshadowing  of  these  results  was  given  in  the  report  for  1881 
of  H.  Sabine,  Commissioner  of  Railroads  for  Ohio;  also  in  Van  Nostrand's 
Engineering  Magazine  and  Science  Series,  and  in  numerous  periodicals 

*  This  statement  of  strains  is  made  on  the  supposition  that  the  greater  strains  are 
accompanied  by  the  greater  deflection. 

t  By  "engine  load "  is  meant  the  loading  upon  the  bridge,  consisting  of  engine  and 
liortion  of  following  train. 
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by  way  of  republication;  but  it  may  be  presumed  that  some  bridge 
specifications  framed  subsequent  to  those  publications  failed  to  give 
full  credence  to  the  effects  whose  existence  was  thus  pointed  out,  for 
the  reason  that  those  effects  were  not  sufficiently  determined  in  degree 
to  warrant  it.  But  as  results  are  now  determined  beyond  question,  and 
of  by  far  too  high  a  degree  to  ignore,  this  opportunity  of  calling  atten- 
tion to  them  is  taken  advantage  of;  but  it  is  with  the  understanding 
that  the  specific  results  above  mentioned  were  not  made  public  until 
after  the  bridge  specifications  now  being  discussed  were  proposed,  both 
being  subject  matter  presented  at  the  Annual  Convention  of  1885. 

No  provision  is  found  in  the  sjaecifications  for  the  kind  of  dynamic 
effect  above  pointed  out,  except  it  be  in  a  general  way,  as  with  all  bridge 
specifications,  by  such  excessive  sections,  or  by  low  unit  stresses,  as  is 
found  in  some  unaccountable  way  to  be  necessary.  For  example:  Why 
should  a  unit  stress  of  7  500  pounds  be  necessary  for  a  member  com- 
posed of  first-class  wrought-iron,  when  the  experiments  of  Wohler  and 
Spaugenburg  show  that  such  iron  can  stand  for  an  indefinite  number  of 
repetitions  a  unit  strain  of  about  30  000  pounds,  unless  it  is  to  meet  some 
practical  demand  the  foundation  for  which  is  hitherto  unaccounted  for  ? 
If  good  iron  will  stand  unit  strains  varied  from  0  to  30  000  pounds 
repeated  millions  of  times  and  yet  be  sound,  where  all  strain  is  ac- 
counted for;  then  in  bridges,  if  all  strains  are  accounted  for,  why 
cannot  the  iron  there  work  up  to  the  same  limits,  or  at  least  to  two- 
thirds  of  it,  something  being  allowed  to  make  safety  doubly  sure  ? 
But  a  20  000-pound  unit  stress  is  an  unheard  of  permissible  stress  for  a 
bridge  in  recognized  good  engineering  practice. 

But  notwithstanding  these  extravagantly  low  unit  stresses  in  present 
practice,  iron  bridges  do  sometimes  go  down,  while  the  cause  is  passed 
as  mysterious  and  unaccountable.  How  can  it  be  otherwise  than  a 
stigma  of  disgrace  upon  the  engineering  profession  that  this  hundred- 
fold extravagance  in  use  of  iron  exists  to  this  day.  Can  it  be  otherwise 
than  conceded  by  any  rational  mind  that  if  all  strains  are  accounted  for, 
the  working  stresses  of  iron  members  may  be  carried  up  to  at  least  two- 
thirds  that  which  it  is  well  known  the  iron  will  stand  for  repetitions  well 
nigh  infinite  in  number? 

But,  again,  where  unaccounted  for  strains  exist,  cannot  they  exist  to 
greater  intensity  in  some  individual  cases  than  in  others  without  our 
knowledge,  necessitating  for  a  practical  solution  of  the  problem,  the 
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adoption  of  less  and  less  unit  stresses,  until  such  a  gross  allowance 
comes  to  be  blindly  made  as  to  cover  up  all  ignorance  of  strains.  As 
long  as  one  bridge  in  a  thousand  is  subject  to  a  50  or  100  jier  cent,  un- 
accountable strain,  all  must  be  so  designed  as  to  provide  against  that 
strain,  and  yet  the  unfortunate  bridge  whose  unknown  strain  may  reach 
a  limit  higher  than  tentative  practice  has  made  provision  for,  must  go 
down ;  instances  of  which  are  well  known.  When  an  iron  bridge  goes 
down,  the  allowed  working  stress  will  go  down,  and  so  practice  has 
continued  until  the  present  extravagant  limit  is  reached  of  one-fourth 
that  for  infinite  endurance  according  to  definite  exi:)erimental  tests. 

But  fortunately  a  i:)art  of  this  hitherto  undetermined  strain  has  been 
made  known  through  the  investigation  on  bridge  vibration,  thanks  to 
the  jiersistence  of  Commissioner  Sabine,  of  Ohio,  for  pushing  the  mat- 
ter to  the  definite  experimental  results,  already  stated  above,  of  28  and 
50  per  cent,  for  the  head  of  a  train  and  body  of  a  train  respectively. 
Accounting  for  this  latter  percentage  in  bridges  of  150-foot  span,  the 
allowed  working  stress  may  be  raised  about  30  per  cent,  for  the  same 
dead  load,  but  in  designing  the  bridge  for  a  given  live  load,  this  per- 
centage of  increased  unit  stress  will  lighten  the  bridge  and  give  occasion 
for  a  still  further  reduction  of  weight  and  corresponding  decrease  of 
strain  upon  the  members.  Suppose  A  to  be  the  total  possible  strain 
likely  to  occur,  and  that  the  bridge  will  just  be  able  to  meet  it  on  the 
basis  of  a  30  000-pound  unit  stress,  then,  with  an  allowed  ^^nit  stress  of 
10  000  pounds,  only  one-third  of  the  possible  strain  is  accounted  for  and 
two-thirds  not.  But  if  30  jjer  cent,  of  the  heretofore  known  strain  be 
made  known  and  added,  it  will  he  i  A -{-  ^  A  .30  =  .43  ^,  or  43  per  cent, 
of  the  possible  strain  is  then  known  and  can  be  accounted  for,  and 
accordingly  the  working  stress  can  be  carried  up  to  43  per  cent,  of  the 
30  000  pounds  =  13  000  pounds,  the  additional  3  000  pounds  being  30 
per  cent,  of  the  10  000  pounds,  as  above  stated.  Hence  if  all  the  now 
known  strains  be  provided  for,  the  allowed  unit  stress  may  be  raised 
about  30  per  cent,  above  values  heretofore  used  with  equal  safety.  For 
simplicity  of  illustration,  these  percentages  have  been  figured  on  the 
basis  of  the  formerly  accepted  unit  stress,  10  000  pounds.  Under  the 
refinements  of  Wohler's  laws  the  figures  would  be  slightly  difiierent. 

But  it  may  be  said  that  we  gain  nothing  by  raising  the  stress  unit 
along  with  the  strain  unit.  If  no  efi'ort  is  made  to  avoid  the  useless  and 
unnecessary  30  per  cent,  strain  due  to  cumulative  vibration  it  is  true. 
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l)iit  by  so  designing  tlie  bridge  as  to  relieve  it  of  this  as  much  as  j^ossi- 
Me,  the  increased  unit  strength  may  be  employed  with  usual  safety,  and 
with  a  30  per  cent,  saving  in  iron  for  main  trusses. 

To  avoid  the  above  mentioned  30  per  cent,  strain,  cumulative  vibra- 
tion must  be  stopped,  and  this  important  step  only  requires  that  the 
panels  of  the  bridge  be  in  discordant  relation  to  the  half-car  lengths,  as 
pointed  out  in  the  paper  on  Vibration  of  Bridges.  As  no  cumulative  vi- 
bration was  discovered  for  passenger  trains,  aside  from  the  engine,  we 
have  only  to  consider  the  relation  of  panel  lengths  with  freight  cars.  As 
the  latter  cars  range  in  length  between  about  29  and  33  feet,  then  bridge 
panels  should  not  be  very  near  15  or  16  feet,  nor  7  or  8  feet.  Probably 
9  to  13  and  17  are  the  best  panel  lengths,  as  comparatively  few  coinci- 
dences occur  with  lengths  between  9  and  13  or  17  and  20. 

In  deciding  upon  the  panel  lengths  of  any  bridge,  the  prevailing 
length  of  freight  cars,  coupling  to  coupling,  should  be  known.  Then  the 
half-car  lengths  may  be  compared  with  proposed  panel  lengths  thus, 
for  lengths  continued  in  succession — 

Half  cars 0,  15,  30,  45,  60,  75,  90,  105,  120,  135. 

Panels 0,  13,  26,  39,  52,  65,  78,     91,  104,  117. 

"      0,  12,  24,  36,  48,  60,  72,     84,  96,  108. 

"      0,  9,  18,  27,  36,  45,  54,     63,  72,  81. 

Here  we  find  that  for  the  13-foot  panels  the  first  coincidence  after  0 
is  at  about  100  feet  from  that  point,  which  admits  of  but  one  or  two  co- 
incidences on  the  bridge.  lu  the  12-foot  panel  lengths  we  find  coinci- 
dences at  every  fourth  panel,  and  in  the  9-foot  panels  at  every  third 
panel;  the  13-foot  panel  being  here  preferred,  and  for  which  it  is  be- 
lieved that  cumulative  vibration  of  considerable  magnitude  cannot  oc- 
cur. 

If  by  making  panel  lengths  13  instead  of  15  feet  a  30  per  cent,  strain 
can  be  avoided,  no  one  can  reasonably  deny  the  advisability  of  the  13- 
foot  panel.  This  jireference  becomes  all  the  more  imperative  when  it  is 
remembered  that  the  cumulative  vibration  may  go  far  beyond  that  as 
yet  observed,  and  reach  100  per  cent. ,  or  even  more,  as  its  possibilities 
are  only  limited  by  length  of  train,  as  pointed  out  in  the  original  paper. 

Indeed,  beyond  the  now  known  43  per  cent. ,  the  entire  balance  of  the 
rarely  occurring,  unaccounted  for  57  per  cent,  strain  above  must  be  due 
to  the  same  cause.  In  searching  for  the  cause  can  we  find  any  other 
than  this  one  of  cumulative  vibration,  and  if  we  find  no  other,  are  we 
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not  warranted  in  accepting  this  one  as  sufficient  to  account  for  that 
balance,  when  a  previously  unknown  30  jDcr  cent,  portion  has  been 
actually  brought  within  the  range  of  positive  fact  from  a  few  weeks- 
observing,  and  when  the  possibilities  of  the  same  cause  reach  even 
beyond  the  whole  balance  of  57  per  cent.  ? 

In  view  of  the  above  facts  and  figures  relative  to  panel  length,  the 
necessity  of  a  clause  controUiag  panel  length  is  strongly  recommended 
for  both  economy  and  safety,  in  the  present  as  well  as  all  other  railroad- 
bridge  specifications. 

By  proper  panel  length  and  consequent  avoidance  of  the  strain  caused 
by  cumulative  action  of  the  body  of  the  train,  there  will  still  be  left  the 
cumulative  dynamic  efi'ect  due  to  the  unbalanced  locomotive  drivers  of 
the  above  named  28  per  cent.  But  fortunately  in  this  case  the  possible 
impulses  are  determinate  in  number  from  the  bridge  itself,  and  much 
more  limited  than  in  the  former  case;  and  it  will  be  much  safer  to 
assume  a  working  limit  for  this  strain  than  for  the  former,  if  indeed  it 
be  necessary  to  do  so  instead  of  adopting  the  advisable  alternative  of 
exactly  counterbalancing  the  locomotive  mechanism. 

In  deciding  upon  a  safe  limit,  it  must  certainly  be  taken  in  excess  of 
that  observed  within  the  few  weeks  observing,  even  for  150-foot  spans, 
and  a  little  consideration  will  show  that  it  will  vary  with  the  span  accord- 
ing to  a  law  the  precise  expression  of  which  will  be  considerably  complex, 
dynamics  making  it  about  as  the  square  of  the  span,  while  practical  con- 
ditions would  probably  reduce  it  to  about  the  first  power  of  spans  or  a 
little  greater.  If  it  be  granted  that  the  i^ossible  effect  for  a  150-foot 
span  is  50  per  cent,  greater  than  that  observed  (and  I  believe  this  to  be 
none  too  large  an  allowance),  the  28  will  be  raised  at  once  to  42  per  cent. 
of  static  strain  due  to  live  load  for  150-foot  spans,  and  for  300-foot  spans 
84  per  cent.,  or  about  28  per  cent,  for  each  100  feet  of  span.  This 
amounts  to  determining  the  live  load  L,  where  non-balanced  drivers  are 
employed,  for  use  in  calculating  the  bridge  strains  from  the  formula. 

i  =  ii  (1  4-  .0028  S)  (1) 

where  ii  is  the  usual  live  load  per  foot  run,  and  5' the  span  of  bridge. 
For  a  span  of  about  360  feet,  this  formula  doubles  the  unit  live  load. 

As  to  allowing  for  this  strain  due  to  cumulative  vibration  caused  by 
the  engine,  and  also  that  due  to  body  of  train,  both  in  a  given  case,  it 
seems  not  to  be  necessary,  from  the  fact  that  they  do  not  occur  simulta- 
neously, and  the  diagrams  from  the  bridge  indicator  show  that  the  vi- 


DISCUSSION    OK    STRENGTH    OF   IRON    BRIDGES.  437 

brations  causeil  l)y  tbe  engine  hardly  extend  over  into  those  due  to  the 
train.  And  as  the  hitter,  though  largest  from  actual  observation,  are  sub- 
dued by  a  judicious  selection  of  panel  length,  the  former  strains  only 
remain  to  be  necessarily  provided  for  in  selecting  the  maximum  load  for 
calculation.  If  these  strains  be  regarded  as  covering  the  whole  ground 
of  the  hitherto  unaccounted  for  strains,  then  the  safe  working  unit  stress 
may  be  carried  up  from  the  former  10  000  to  say  20  000  pounds  for  the 
live  load,  equation  (1),  and  with  no  hazard  for  safety. 

From  these  facts  and  figures,  it  is  believed  that  the  present  specifica- 
tions, as  well  as  all  others,  should  embrace  the  above  formula  for  deter- 
mining the  live  load,  as  well  as  the  clause  for  controlling  panel  length, 
and  that  the  j)ermissible  working  unit  stress  should  be  cax'ried  up 
accordingly. 

As  to  eliminating  the  difference  L — Li  above  in  strain  calcula- 
tions, the  civil  engineer  is  at  the  mercy  of  the  mechanical  engineer, 
with  little  hope  of  relief,  from  the  fact  that  at  present  there  seems 
to  be  but  little  disposition  on  the  part  of  motive-power  superin- 
tendents to  displace  the  present  defective  unbalanced  mechanism 
by  that  Avhich  is  balanced.  But  there  can  nevertheless  be  no  ques- 
tion, that  as  long  as  the  j^reseut  objectionable  mechanism  is  in  use, 
the  cost  of  bridge  trusses  must  in  consequence  be  increased  by  not  less 
than  about  18  per  cent,  for  100  feet  spans;  30  per  cent,  for  200  feet 
spans;  and  36  per  cent,  for  300  feet  spans.  In  the  meantime  may  all 
bridge  specifications  prepare  for  the  advent  of  balanced  locomotive 
machinery,  by  so  fixing  the  panel  length  as  to  destroy  the  greatest  of  the 
two  effects  of  cumulative  vibration. 

Eelative  to  an  attempt  to  provide  for  cumulative  vibration  strains 
along  with  the  Launhardt  and  Weyrauch  formulas,  a  little  considera- 
tion will  show  that  the  formulas  will  require  doctoring  in  the  opposite 
sense  to  that  practiced  by  Prof.  Wm.  Cain  for  including  the  impact 
as  due  to  single  impulses  of  various  sorts;  whereas,  for  the  so-called 
impact,  the  greatest  allowance  is  made  for  short  spans,  and  vanishes  at 
spans  of  about  100  to  200  feet.  We  have  found  that  the  cumulative 
viln-ation  strains  due  to  the  engine's  non-balance  increase  with  the  span; 
and  by  casting  over  the  figures,  it  is  seen  that  up  to  spans  of  about  150 
feet,  the  total  superadded  strains  to  be  provided  for  as  due  to  both 
impact  and  vibration,  amount  to  a  nearly  constant  fraction  of  50  per 
cent,  of  the  strain  due  to  the  weight  of  the  train,  and   more  for  longer 
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spans;  the  cumulative  vibration  due  to  the  train  being  here  and  here- 
after in  this  discussion  regarded  as  avoidable.  Up  to  about  150-foot 
spans  then,  the  Launhardt  formula  should  be  applied  to  railroad 
bridges  without  modification  as  regards  impact,  while  the  provisional 
percentage  is  added  to  the  load;  and  for  longer  s^mns  the  greater  per- 
centage. This  would  restore  the  coeificient  i,  which  has  been  set 
aside  by  Prof.  Cain,  allowing  that  the  i  generally  used  in  the  formula 
for  iron  is  the  best  selection.  But  doubts  may  be  expressed  as  to  this 
value  of  the  fraction,  from  the  fact  that  it  is  much  lower  than  that  ob- 
tained by  making  use  of  all  the  existing  data. 

The  value  4  appears  to  have  been  adopted  by  Weyrauch  with  but 
little  discussion,  using  a  tensile  strength  of  46  800  pounds  per  square 
inch,  a  tenacity  which  would  not  be  permitted  for  important  tension 
members.  Again,  the  fraction  f  is  oflfered  by  Spangenberg  for  this 
formula  and  obtained  by  Weyrauch,  using  a  tensile  strength  of  57  160 
pounds  per  square  inch ;  a  tenacity  that  is  rather  high,  but  indicative  of 
better  quality  of  iron  than  the  former  value.  Why  is  the  fraction  i 
adopted  into  the  formula  by  Weyrauch  for  use  by  engineers,  instead  of 
the  f ,  unless  from  timidity  for  departure  from  usual  previous  practice? 

If  the  fraction  f  be  regarded  as  intrinsically  better  than  the  i,  then  the 
value  1  adopted  into  the  formula  for  the  Pennsylvania  Railroad  specifica- 
tions is  not  very  far  from  the  i  found  for  good  iron,  leaving  only  i  instead 
of  the  supposed  i  to  account  for  the  impact.  In  view  of  the  value  f ,  it 
may  be  questioned  whether  a  higher  value  than  1,  as  1^,  should  not  be 
taken  in  j^roviding  for  impact. 

From  the  vacillation  of  Weyrauch  and  others  between  the  fractions 
^  and  j ,  it  seems  desirable  that  some  unquestioned  value  might  be  fixed. 
In  searching  for  existing  data  to  base  a  value  upon,  very  little  apparently 
can  be  found,  and  yet  that,  as  meager  as  it  seems,  cost  12  years  of 
experimental  work  by  Wohler,  and  was  confirmed  by  Spangenberg. 
Hence  the  existing  data,  though  scarce,  is  jirecious;  and  it  seems  hardly 
reasonable  to  adopt  a  constant  almost  by  guess,  to  stand  as  the  consid- 
eration for  so  vast  an  expense. 

All  the  results  accessible  to  me  are: 
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u. 
III. 

IV.- 


Max.  Stress. 

Min.  Stress. 

•For  Iron — pounds  per  square 

inch, 

,  s  =  16  640 

s  =  _  16  640 

n  =  31  200 

0 

a  =  41  600 

c  =  24  960 

^=(52  000) 

t  =(52  000) 

((       ((        (( 

u  =  31  300 

0 

/  =  57  000 

t  =  57  000 

<(              H                                         C( 

u  =  31  300 

0 

t  =  47  000 

t  =  47  000 

-For  Steel — pounds  per  square 

inch, 

s  =  29  100 

s  =  —  29  100 

ti  =  49  200 

0 

a  =  83  200 

c  =  36  400 

(C                ((                  (( 

w  =  52  000 

0 

a  =  72  800 

c  =  26  000 

a  =  83  200 

c  =  41  600 

a  =  93  600 

c  =  62  400 

i  =  114  400 

^  =  114  400 

H                                    U                 (( 

s  =  22  880 

s  =  — 22  880 

«  =  39  520 

0 

VI. 


The  values  in /for  iron  are  found  in  "Fatigue  of  Metals,"  by  Spangen- 
berg,  except  the  figures  in  brackets,  which  have  been  supplied  with 
the  belief  that  they  are  about  right  for  f,  for  the  iron  in  question.  The 
values  //  and  III  are  found  in  Weyrauch,  the  former  being  that  from 
which  the  value  %  was  obtained,  and  the  latter  the  value  h,  by  Wey- 
rauch, for  the  Launhardt  formula. 

The  values  for  steel  are  found  in  Spangenberg. 

All  these  data  are  plotted  on  Plate  XXXVIII  A  in  2  and  1  respectively, 
both  in  3  (the  square  dot  in  2  between  s  and  n  belongs  to  3).  Curves 
are  carefully  drawn  through  among  the  points,  regardless  of  formulas, 
with  the  object  of  finding  the  best  obtainable  from  the  data.  In  3,  to 
which  1  and  2  are  transferred,  we  see  no  very  wide  difference  in  general 
character  of  curve,  both  appearing  to  be  parabolas.  In  plotting  the 
curves,  the  maximum  and  minimum  stresses  are  laid  off  from  the  zero 
line  as  indicated,  each  series  of  values  being  laid  off  in  the  order— circle, 
triangle  and  square  for  iron,  and  square,  circle  and  triangle  for  steel; 
the  "/"through  the  dots  for  iron,  serving  to  distinguish  iron  from 
steel  in  3,  which  shows  the  plottings  for  both  iron  and  steel. 

In  plotting  these  curves,  the  line  between  c  and  d  is  taken  at  45  de- 
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grees  for  convenience  in  plotting;  c  then  being  the  distance  from  the 
foot  of  u,  as  well  as  the  corresponding  height  to  the  45-degree  line. 

For  the  steel,  all  the  data  are  reduced  proportionally  to  bring  them 
about  to  the  values  for  iron  in  order  that  they  may  be  thus  plotted  in 
comparison. 

At  first  it  was  proj^osed  to  adopt  one  curve  for  both  iron  and  steel, 
but  the  absence  of  material  advantages  in  this,  and  the  prevailing  differ- 
ence of  the  carves,  determined  otherwise. 

In  examining  these  plottings  and  their  curves,  it  would  hardly  seem 
necessary  for  better  agreement  of  curves  with  points,  that  the  portion 
between  .s  and  u  diflfer  from  the  rest;  that  is,  that  these  parts  follow  dif- 
ferent curves  and  laws  ;  and,  much  less,  be  discontinuous  at  u.  The 
plotted  points  for  steel  appear  a  little  within  the  ciirves  drawn  at  the 
point  u,  and  it  would  seem  that  the  curve  might  be  straighter  to  advan- 
tage. But  instead  of  a  straighter  curve,  the  present  one  has  been  insisted 
upon, for  the  reason  that  it  is  believed  that  the  curve  must  not  be  discon- 
tinuous at  s  with  that  going  to  make  the  compression  part  of  the  dia- 
gram, and  this  requires  that  the  tangent  to  the  curve  at  ,s  be  parallel  to 
the  45-degree  line.  Hence,  the  full  line  curves  are  believed  to  be  the 
best  that  can  be  drawn  in  without  introducing  discontinuity  at  any 
point. 

To  show  how  these  cuxnes  compare  with  those  of  the  Launhardt  and 
Weyrauch  formulas,  points  have  been  determined  by  calculation  from 
those  formulas  with  their  adopted  fractions  as  found  in  Weyrauch,  the 
points  plotted  and  the  curves  drawn  in  with  dotted  lines  for  steel  and 
iron  at  1  and  2.  These  curves  appear  to  be  sadly  wanting  in  both  con- 
tinuity and  agreement  with  Wohler's  observed  data. 

In  the  Pennsylvania  Eailroad  specifications  the  value  of ^  \,  is 

the  same  as  for  the  dotted  curve  between  s  and  ii  for  the  curve  2,  Plate 

XXXVIII  A;  but  the  adopted  value  of =  1  in  the  same  specifica- 

tions,  for  the  curve  between  }i  and  t,  is  such  as  to  place  the  curve  further 
away  in  the  direction  of  stress  than  the  dotted  line.     This  causes  an 

excessive  convexity  from    u   to  s;  makes  s  =  —^;  swells  intermediate 

values  between  u  and  s  out  of  all  reason;  and  introduces  a  decidedly 
questionable  intersection  of  the  curves  at  u,  or  discontinuity. 

From  these  considerations  it  would  seem  that  the  formulas  are  little 
better  than  guesses  at  the  real  requirements  in  the  matter,  and  hence  the 
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full  line  curves  in  Plate  XXXVIII  A.  have  been  drawn  in  as  founded, 
as  fully  as  possible,  upon  the  experimental  results  of  "NVobler. 

When  the  curves  were  drawn,  that  for  iron  was  found  to  be  appre- 
ciably close  to  a  parabola  whose  axis  is  coincident  with  the  zero  line  of 
stress,  and  vertex  at  a  distance  at  the  left  of  u  equal  |  s,  while  that  for 
steel  agrees  well  with  a  parabola  whose  axis  is  below  the  zero  line.  But 
when  diagrams  are  used  for  determination  of  working  stresses,  there 
will  be  no  need  of  formulas. 

In  the  upper  part  of  Plate  XXXVIII  A,  the  curve  2  for  iron  has  been 
laid  out  along  with  all  the  quantities  involved  in  the  problem  of  determin- 
ing working  stresses,  so  as  to  indicate  to  the  eye  their  true  relation. 

Plate  XXXVIII  B,  for  that  jsart  of  the  curve  from  t  to  u,  is  laid  out 

t u 

according  to  the  formula  of  Lauuhardt,  where =  1,  as  adopted  in 

the  Pennsylvania  Kaih'oad  specifications.  This  curve  (a  parabola)  is 
tangent  to  a  line  at  45  degrees  at  the  top  end  of  u,  and  from  that  point 
this  tangent  is  used  in  this  diagram  from  u  to  s,  instead  of  the  formula 
of  Weyrauch  for  compression  and  tension  by  reason  of  the  objectionable 
convexity  given  by  that  formula,  such  convexity  not  only  causing  dis- 
continuity at  u,  but  giving,  as  is  believed,  excessive  values  to  a,  between 
u  and  s.  This  diagram  is  believed  preferable  to  the  formulas  found  in 
the  specifications  from  which  to  make  out  the  working  stresses  when  the 
maximum  and  minimum  strains  are  determined. 

To  construct  a  diagram  from  which  a  may  be  read  ofl",  it  is  necessary 
that  a  be  given  in  terms  of  the  ratio  of  c  to  a,  or  of  minimum  D  to 
maximum  B,  because  practical  values  of  minimum  B  and  maximum  B 
for  a  bridge  member  may  be  found  in  values  a  hundred -fold  greater 
than  the  respective  values  of  c  and  a,  and  yet  have  the  same  ratio.  A 
good  diagram  for  this  purpose  is  of  the  form  given  in  Mr.  J.  M.  Wil- 
son's statements  respecting  the  Pennsylvania  Railroad  specifications. 

A  diagram  of  this  kind  is  given  in  Plate  XXXIX,  suitable  for  use  in 
office  ijractice,  except  that  it  will  be  advisable  to  draw  it  to  a  larger  scale. 
This  diagram  is  drawn  from  values  read  ofif  from  the  upper  part  of  Plate 
XXXVIII  A,  and  hence  Plate  XXXIX  may  be  regarded  as  realizing  that 
diagram  which  works  with  nearest  approach  to  Wohler's  laws  and  ex- 
perimental values.  The  working  stresses  a,  on  the  left,  are  figured  with 
a  factor  of  safety  given  by  dividing  the  value  of  u  from  Plate  XXXVIII  A, 
viz.:  31  200  by  the  corresponding  value  found  at  the  intersection  of  the 
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31  200 
curves  in  Plate  XXXIX,  viz. :  11  400,  giving  ..     .        =   2i   nearly.      But 

where  all  strains  are  accounted  for,  as  proposed  in  this  discussion  to  be 
done,  by  taking  the  panel  length  such  as  to  destroy  cumulative  vibration 
from  the  body  of  train,  and  allowing  for  like  vibration  by  the  engine  as 
proposed  in  formula  (1)  above,  and  also  impact,  it  is  probable  that  a 
factor  of  safety  of  2  might  safely  be  employed,  giving  15  600  to  be  placed 
opposite  the  point  of  intersection  of  the  curves  in  Plate  XXXIX.* 

The  unit  stress  for  iron  in  steady  tension  or  compression,  is  given  by 
Plate  XXXIX  at  20  000  pounds,  11  400  pounds  when  repeated  from  zero- 
to  that  figure,  and  6  600  pounds  for  vibration  with  equal  tension  and 
compression. 

But  in  drawing  the  diagram,  any  scale  of  eqiial  parts  may  be  put 
along  the  line  of  working  stresses  according  to  the  judgment  of  the 
engineer,  and  such  scale,  whatever  it  be,  will  give  the  working  stresses 
in  conformity  with  Wohler's  results;  or  it  may  be  more  convenient  to 
draw  several  of  the  diagonal  lines  on  Plate  XXXIX,  at  the  junction  of 
each  pair  of  which,  on  the  left  side,  may  be  written  the  factor  of  safety. 

As  a  practical  confirmation  of  the  views  given  in  this  discussion,  the 
instance  of  a  certain  through  iron  Howe  truss  bridge  is  mentioned, 
which  stood  in  service  about  sixteen  years,  when  though  yet  sound,, 
it  was  condemned  and  renewed,  on  account  of  dangerous  strains  in  the 
lower  chord,  due  to  placing  the  floor-beams  on  the  lower  chord,  two  per 
panel,  and  each  at  a  distance  of  18  inches  from  the  end  of  panel. 
Length  of  truss,  about  105  feet;  depth  of  truss,  20^  feet;  panels,  13' 
feet.  Aggregate  section  of  lower  chords  at  end  panel,  4  inches  breadth 
by  5  inches  depth.  This  was  a  very  peculiar  structure,  in  which  all 
compression  members  in  the  main  trusses  were  of  cast-iron,  and  ten- 
sion members  wrought-iron.  See  a  more  comi^lete  description  in  Ohio 
Railroad  Eeport  for  1881,  p.  289. 

The  maximum  stress  in  the  lower  chords  figured  up  at  about  25  000' 
pounds  per  square  inch  for  an  ordinary  train  and  the  dead  load.  See 
same  report,  appendix,  p.  44,  and  Van  Nostrand's  Science  Series,  No. 
60,  p.  175. 

If  a  10  000-pound  unit  stress  calculated  for  static  load,  is  as  high  as 
is  safe  in  some  bridges  where  unaccountable  dynamic  strains  occur  to- 

*  This  diagram  gives  only  one  pair  of  lines  to  the  factor  of  safety  2'.^  nearly.  But  th& 
diagram  might  be  full  of  these  pairs  of  lines,  each  to  a  definite  factor  of  safety,  all  of  which 
factors,  2,  2^2',  3,  Sij,  etc.,  could  be  noted  at  the  junction  of  the  respective  pairs  of  lines,  mak- 
ing it  convenient  to  use  the  diagram  for  any  selected  factor  of  Bafety. 
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carry  the  stress  up  to  25  003  or  30  000  pounds,  then,  if  a  greater  value  of 
calculated  strain  than  10  000  pounds  be  found  in  a  particular  case  like 
the  above,  it  would  seem  that  the  unaccountable  part  in  that  case  had 
been  low  from  some  cause,  so  that  the  sum  total  of  stress  should  not 
exceed  the  30  000-pound  limit. 

Hence  we  inquire  whether  this  bridge  was  so  situated  as  to  be  afflicted 
with  cumulative  vibration. 

As  to  the  panel  length,  we  find  the  present  13  feet  to  be  an  example 
of  the  most  favorable  length,  according  to  figures  given  above  in  this 
discussion;  so  that  it  is  jirobable  that  cumulative  vibration  never 
occurred  as  an  effect  due  to  the  body  of  the  train. 

As  to  cumulative  vibration  occasioned  by  the  non-balance  of  engine 
drivers,  the  fact  that  this  bridge  was  only  about  500  feet  from  a  station 
is  against  it,  as  the  train  would  always  move  so  slow  as  to  make  this 
improbable. 

These  facts,  therefore,  are  in  support  of  the  views  expressed  in  the 
above  discussion,  viz. ,  that  when  all  strains  are  accounted  for,  the  work- 
ing unit  stresses  may  be  placed  as  high  as  20  000  or  30  000  pounds  with 
safety. 

As  a  further  illustration,  the  instance  of  the  roof  trusses  of  180  feet 
span  of  a  certain  Union  Depot  in  the  State  of  Ohio  is  given.  These 
roof  trusses,  on  inspection,  were  condemned,  as  in  danger  of  falling,  for 
strains  in  the  main  straining  rods  greatly  in  excess  of  what  would  in 
present  engineering  practice  be  regarded  as  admissible. 

The  strains  would  be  moderate,  except  for  the  injudicious  and  un- 
warranted splice  formed  by  forging  heads  ujiou  one  side  of  the  rods, 
which  heads  were  locked  one  upon  another,  and  banded  to  prevent 
slipping  off.  The  bars  were  rectangular  in  section.  In  this  way  the 
two  bars  joined  at  a  splice  were  out  of  line,  the  sides  nearest  to  line  off- 
setting each  other  by  the  thickness  of  the  locks.  This  splice-joint 
introduced  a  flexural  moment  so  great,  that  at  the  time  of  the  examina- 
tion the  rods  near  the  locks  were  found  so  much  curved  as  to  be  neces- 
sarily permanently  bent  to  some  extent,  because  the  curvature  could  not 
be  carried  to  the  extent  observed  without  forcing  the  iron  beyond  the 
elastic  limit.  The  roof  has  been  in  service  for  something  like  twenty 
years,  with  the  strains  in  these  rods  constantly  up  about  to  the  elastic 
limit,  as  calculation  showed;  and  yet,  in  spite  of  all  the  adverse  facts, 
the  roof  still  stands.     The  possible  strains  due  to  storm  and  wind  dur- 
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ing  the  life  of  the  structure  are  unknown.  In  .some  instances  snow  has 
been  shoveled  off  to  relieve  the  roof,  and  it  is  likely  that  in  a  few 
instances  the  strains  have  been  15  to  20  per  cent,  above  the  usual  and 
nearly  constant  strains. 

Hence  we  find  here  an  instance  in  which  strains  have  been  con- 
stantly up  to  nearly  30  000  pounds  per  square  inch  for  a  series  of  years, 
far  above  the  16  000  pounds  that  might  be  allowed  for  a  roof,  and  yet 
without  further  signs  of  failure  now  than  existed  ten  years  ago. 

This  second  instance,  therefore,  confirms  the  views  stated  in  this 
discussion  of  maximum  working  stresses,  that  where  all  strains  are 
accounted  for,  the  unit  working  stresses  may  be  carried  up  to  from 
20  000  to  25  000  pounds  per  square  inch.  This  particular  roof,  however, 
is  not  to  be  regarded  as  safe,  for  the  reason  that  there  may  yet  occur 
such  a  combination  of  snow,  rain  and  wind  as  to  cause  disaster  to  the 
structure  by  reason  of  strains  greater  than  those  now  accounted  for. 

Finally,  to  briefly  state  the  points  of  this  discussion,  it  is  seen  that 
I  have  endeavored  to  show  that  this  and  all  railroad  bridge  specifica- 
tions should — 

First.— Contain  a  clause  placing  the  panel  lengths  of  the  bridge  in 
discordant  relation  with  the  half-car  lengths. 

Second. — Provide  for  cumulative  vibration  due  to  unbalanced  ma- 
chinery of  the  locomotive,  as  in  equation  (1). 

Third. — A.dd  to  second  the  proper  allowance  for  impact  in  estimating 
live  load. 

Fourth. — Employ  for  determining  working  stresses  a  diagram  like 
Plate  XXXIX,  laid  out  from  Plate  XXXVIII  A,  with  a  factor  of  safety 
of  about  two,  or  possibly  less. 

Prof.  George  L.  Vose. — I  have  examined  with  care  Mr.  Wilson's 
bridge  specifications.  There  can  be  no  question  as  to  the  quality  of  a 
bridge  built  in  accordance  with  such  a  requirement.  Certainly  no  j^er- 
son  could  be  better  fitted  by  long  experience  to  prepare  such  a  paper 
than  Mr.  Wilson.  I  think  he  has  gone  very  far  in  this  document  to  do 
what  is  so  essential,  viz.,  have  everything  plainly  expressed,  and  noth- 
ing left  to  be  inferred.  With  a  model  specification,  faithfully  carried 
out,  two  contractors  1  000  miles  apart  should  produce  the  same  bridge. 
With  many  of  the  specifications  in  use,  two  contractors  in  different 
places  would  produce  very  different  structures,  and  both  apparently  in 
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accordance  with  the  same  specifications,  and  both  intending  to  be 
entirely  honest.  The  more  we  advance  in  our  knowledge  of  materials, 
the  harder  it  seems  to  be  to  express  our  ideas  Avith  precision.  To  say 
that  a  bridge  should  be  made  with  a  factor  of  six  throughout,  sounds 
very  simple,  but  I  doubt  much  if  any  two  engineers  could  agree  as  to 
what  the  factors  were  in  the  different  parts  of  a  given  bridge.  I  am 
glad  to  see  that  Mr.  Wilson  does  not  use  this  term,  which  can  do  little 
but  give  false  impressions. 

To  insist  in  the  plainest  manner  upon  the  essentials,  and  to  leave  no 
chance  for  ignorance,  dishonesty,  or  any  other  form  of  danger  to  creep 
in,  is  the  great  point.  This  Mr.  Wilson  has  certainly  done.  It  may  be 
said  that  the  new  specification  would  not  be  understood  l)y  a  board  of 
directors  or  by  the  so-called  practical  man.  It  is  not  intended  that  it 
should.  The  specification  is  for  the  use  of  educated  engineers  who  are 
expert  in  the  principles  and  the  practice  of  bridge  building,  as  it  is 
only  in  the  hands  of  such  men  that  the  materials  of  engineering  can  be 
safely  and  economically  employed. 

J.  B.  Davis,  Jun.  Am.  Soc.  0.  E. — I  hope  S.  W.  Kobinson's  column 
formulas  will  receive  attention  in  this  connection.     There  is  abundant 
evidence  that  the  end  of  column   formulas  is  not  yet.     His  are  very 
l^romising,  it  seems  to  me,  and  are  not  especially  troublesome. 

In  my  own  experience  in  iron  truss  work,  I  am  accustomed  to  jjack 
my  members,  both  web  and  chord,  so  as  to  reduce  couples  about  my 
pins  to  the  shortest  of  arms,  and  to  bring  all  my  members  as  nearly  as 
possible  into  the  same  planes  of  stress  throughout  the  whole  length  of 
truss.  I  seek  to  get  these  planes  continuous  throughout  the  span.  To 
do  this  I  make  all  my  web  tension  members  at  least  double,  which,  of 
course,  will  be  the  usual  case,  I  do  this  however  light  the  work.  The 
result  is  pairs  of  members  in  the  same  panel.  These  pairs  I  require  to 
be  matched  and  marked  at  the  works,  and  erected  by  these  marks.  I 
also  specify  a  factor  of  precision  for  bars  of  the  same  pair,  and  another 
factor  of  precision  as  a  limit  of  extreme  deviation  between  bars  of  the 
same  specified  length  in  the  whole  work.  Of  course  this  refers  to  i)ieces 
without  adjustments.  The  result,  so  far,  has  been  quite  satisfactory 
when  the  trusses  are  erected  and  put  in  "tune,"  as  I  call  it.  I  find  the 
bars  in  the  same  panel  doing  the  same  duty,  as  nearly  as  can  be  ascer- 
tained by  their  apparent  tensions. 
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I  consider  it  very  important  to  study  exhaustively  how  to  apply  the 
load  to  a  truss  so  that  no  possible  expected  use  of  it  can  fail  to  convey 
that  load  uniformly  to  its  working  parts,  and  distribute  it  proportion- 
ately amongst  them.  I  do  not  always  find  it  done  in  existing  struc- 
tures. Likewise  I  consider  the  transfer  of  strains  amongst  the  jiieces  in 
just  the  same  light.  Everything  should  be  balanced.  Of  course  this  is 
all  elementary  enough,  but  is  in  no  danger  of  being  insisted  upon  too 
frequently  or  too  forcibly.  And  this  reminds  me  that  a  fourteen-year 
old  boy  can  compute  a  strain  sheet  nowadays,  but  it  still  takes  an  engi- 
neer to  get  his  data  for  him,  and  to  use  his  strains  after  he  has  them, 
and  is  likely  to. 

Geo.  F.  Swain,  Assoc.  Am.  Soc.  C.  E. — The  able  and  interesting 
pajDer  by  Mr.  Wilson  brings  up  a  number  of  points  which  will  bear  dis- 
cussion, but  I  will  only  touch  upon  one  or  two. 

In  these  specifications  we  find  for  the  first  time,  to  the  knowledge  of 
the  writer,  the  formulas  of  Launhardt  and  Weyrauch  adopted  as  a  basis 
for  the  computation  of  dimensions.  But  although  this  may  be  the  first 
time  that  any  of  the  newer  formulas  have  been  specified,  our  bridge- 
builders  have  not  neglected  to  profit  by  the  experiments  of  Wohler,  and 
to  adapt  their  practice  to  his  results.  These  experiments,  and  the  ex- 
tended discussions  of  the  past  ten  or  fifteen  years,  have  principally  led 
to  a  more  general  recognition  and  a  clearer  i5ercei:)tion  of  the  i^rinciple 
that  the  greater  the  difference  between  the  maximiim  and  minimum 
loads  on  a  bar,  the  less  should  the  maximum  be.  Formerly  the  so-called 
factor  of  safety  covered  everything  beyond  the  mere  statical  stresses, 
including  inaccuracies  in  calculation,  efiect  of  repetition  of  loads,  im- 
pact, vibration,  unequal  distribution,  possible  flaws  in  the  material, 
deterioration,  etc.  These  experiments  have  enabled  us  to  take  account 
mathematically  of  the  effect  of  repetition  of  loads,  but  they  still  leave 
every  engineer  to  use  his  own  judgment  in  taking  account  of  the  other  un- 
known factors.  In  allowing  for  impact  and  vibration,  and  inequalities 
in  the  distribution  of  the  live  load,  the  writer  of  the  specifications  has, 
it  seems  to  me,  not  proceeded  logically.  These  factors,  depending  as 
they  do  upon  the  live  load  alone,  can  only  be  logically  allowed  for  by 
adding  percentages  to  the  static  stresses  produced  by  that  live  load,  or 
to  the  live  loads  themselves,  as  is  already  so  frequently  done.  If  the 
sudden  changes  in  these  percentages  be  objected  to,  a  sliding  scale  or  a 
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formula  for  dififerent  spans  (as  of  floor-stringers)  may  be  adopted.  If 
tlie  original  form  of  Lannliardt's  formula,  taking  account  of  repeated 
applications  alone,  and  not  of  vibration  or  impact,  be  assumed  as 

B 


/  min.  B  \ 

\  2  max.  B/ 


then  the  correct  way  to  allow  for  impact,  etc.,  would  seem  to  be  to  in- 
crease maximum  B ;  not  to  multiply  it  by  a  constant,  however,  but  to 
increase  by  a  certain  percentage  that  part  which  is  due  to  the  live  load. 
Instead  of  this,  exactly  the  opposite  course  is  pursued  in  these  specifi- 
cations; maximum  B  is  diminished  by  one-half,  and  then,  to  make  up  for 
this,  M,  which  shoiild  have  nothing  to  do  with  the  question,  is  diminished. 
Kegarding  the  actual  value  assumed  for  u  in  the  formula  adopted,  it 
seems  to  the  writer  that  it  might  reasonably  have  been  made  larger, 
and  that  a  bar  of  good  wrought-iron  could  be  safely  strained  to  over 
15  000  pounds  per  square  inch  if  the  load  were  perfectly  quiescent. 

The  writer's  experience  has  been  that  the  most  convenient  method 
of  taking  account  of  Wohler's  experiments,  for  all  cases,  is  the  one 
given  by  Winkler,  which  is  really  in  principle  nothing  more  than  that 
first  made  use  of  in  practice  by  Gerber,  but  recommended  by  John 
Griffen  and  Thomas  C.  Clarke,  Ms.  Am.  Soc.  C.  E.,  in  their  paper  be- 
fore this  Society  many  years  ago,  on  "Loads  and  Strains  of  Bridges." 
As  I  do  not  remember  to  have  seen  these  formulas  quoted  in  American 
literature,  I  may  be  pardoned  for  referring  to  them  here.  They  may 
be  of  some  interest  and  novelty  to  some  Members  of  the  Society. 

Winkler  derives  from  Wohler's  experiments  the  following  equations, 
which  take  account  of  repeated  applications,  biit  not  of  imisaet,  etc. 

Let/  =  area  of  cross-section;  P  max.  and  P  min.,  the  maximum 
and  minimum  stresses  respectively.     Then  Winkler  finds 

r                                                     Pmax.  —  0.45/*  min. 
j  in  tension  principally:/  = q   ^^  ^ J 

for  wrought-iron  -]                                                      Pmax. -^0.40  P min. 
in  compr'u  principally:  /  = q  ^^.  t^ — 5 

r  P  max.  —  0.56  P  min. 

in  tension  principally:/  = Q  4t'^  K ' 

for  steel  \                                                    p  j^^x.  —  0.63  P  min. 
j  in  compr'n  ijrincipally :  /  = ^  oy  j^ ' 

in  which  K  and  Ki  are  the  allowable  stresses  per  square  inch  for  ten- 
sion and  compression  respectively,  for  a  purely  quiescent  load.  These 
may  be  assumed   according  to  the   judgment  of  the   engineer  and  the 
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material  to  be  used,  but  when  once  clioseu,  tlie  formulas  become  very- 
simple.  Winkler  takes  for  wrought-iron  7i  =20  000,  and  K^  =  17  000  ; 
for  steel,  ^  =  25  500,  and  A'l  =  31  000.  Perhaps  we  should  better  ac- 
cord with  American  practice  by  assuming  for  wrought-iron  K  =^\9>  000, 
K^  =  16  000.     We  should  then  have,  in  round  numbers, 

P  max.        P  min. 


for  tension  principally :  /  = 
forcompr'n  principally:  /= 


10  000         22  000 
P  max.        P  min. 


10  000         24  000 

Suppose,  in  the  case  of  tension  principally,  that  the  dead  load  causes  a 

tension    Pq,  and  the  live  load  a  tension  P^  and  a  comjjression  Pn', 

then  P  max.  =  Po  +  Pi,   and  P  min.  =  /*„  —  P.,.      Hence  the  first 

formula  reduces  to 

,.      ..     .  Pq  Px P,  Pq -f- 1.8  Pi  +  0- 82 Pa 

^  ensionj .  /         ^g  ^QQ  -t-    ^Q  QQQ  +  22  qoo  "~  18  000 

In  most  cases  P,  will  be  zero,  and  we  shall  have 

Po+l-8Pi 
■'  18  000       ' 

This  method  simply  amounts,  then,  to  multiplying  the  live  stress  by  a 
factor  to  reduce  it  to  dead,  and  using  18  000  pounds  per  square  inch  as 
the  allowable  stress  for  a  quiescent  dead  load.  Winkler  allows  for  im- 
pact by  multiplying  Pi  by  a  further  factor,  but  he  uses  simply  two 
factors,  one  for  street  and  the  other  for  railroad  bridges.  He  would 
therefore  presumably  use  the  same  factors  for  the  floor-beam  hangers 
as  for  the  upper  chords.  This  is,  of  course,  incorrect,  but  the  writer 
believes  that  by  using  a  scale  of  percentages  to  allow  for  impact,  etc., 
and  then  applying  a  formula  like  the  one  just  given,  the  demands  of 
modern  practice  may  be  met  in  the  simplest  and  most  scientific  manner. 

The  clause  in  the  sisecification  explaining  the  mode  of  calculating 
the  upper  chord  when  the  load  rests  upon  it  between  the  joints,  appears 
rather  complicated,  and  it  seems  to  the  writer  that  it  would  be  just  as 
well,  in  cases  where  this  unfavorable  arrangement  is  necessary,  to 
projiortion  the  chord  for  the  direct  thrust  and  the  bending,  considering 
the  chord-piece  as  a  supported  beam  simply;  esi^ecially  in  view  of  the 
uncertainty  attending  the  ordinary  method  of  calculating  j^ieces  for 
compression  and  flexure. 

These  specifications  require  that  the  flanges  of  plate  girders  shall  be 
calculated  to  bear  the  entire  moment,  and  the  web  the  entire  shear. 
The  writer  is  aware  that  this  is  the  general  practice,  but  he  has  never  been 
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able  to  see  the  slightest  reason,  in  this  case,  for  taking  things  other 
than  they  actually  are.  The  fact  is,  that  the  web  does  bear  part  of  the 
moment;  and  if  the  factor  of  safety  to  be  used,  the  allowance  for  im- 
pact, the  effect  of  repetition,  etc. ,  be  rationally  taken  into  account,  why 
should  any  further  allowances  be  made  ?  The  writer  sees,  every  day, 
girders  in  which  the  moment  borne  by  the  web  has  probably  been 
neglected,  and  in  which  the  web-splice  has  evidently  been  also  jjropor- 
tioned  to  bear  the  shear  alone,  thereby  no  doubt  putting  an  excessive 
strain  on  the  rivets  in  the  splice,  and  making  a  girder  which  is  not  of 
equal  strength  throughout.  As  the  web  really  does  bear  part  of  the 
moment,  it  seems  only  reasonable  that  the  splice  should  be  calculated 
for  it,  and  why  not  the  rest  of  the  girder  also  ? 

Mace  Moultox,  M.  Am.  Soc,  C.  E. — Some  two  years  ago  I  bad  oc- 
casion to  use  a  modification  of  Launhardt's  formula  in  proportioning 
the  members  of  several  spans  of  varying  lengths. 

The  differences  in  the  allowal)le  unit  strains  from  those  I  had  previ- 
ously iised  were  so  great,  that  I  concluded  to  investigate,  in  a  general 
way,  the  working  values  as  given  by  Launhardt's  formula  ajiplicable  to 
a  large  range  of  spans,  and  also  to  discuss  the  formula  in  connection 
with  the  records  of  the  experiments  on  which  it  was  founded. 

The  results,  as  to  unit  strains  and  factors  of  safety  which  were  ob- 
tained, are  shown  in  the  table  on  page  450. 

The  comi^arison  was  for  simplicity  confined  to  tension  members  in 
bottom  chord,  and  for  compression  to  the  end  j^osts.  This  was  easily 
made  by  assuming  that  the  strains  in  center  bottom  chord  and  in  end 
posts  were  directly  jjroportional  to  the  total  loads  on  span  Avhen  fully 
loaded.     Hence  for  any  span: 

Min.  B.  _  Total  dead  load. 

Max.  B.  ~~  Total  dead  -(-  total  live. 

The  engines  and  train  assumed  were  same  as  specified  by  Mr.  Wilson, 
equated  for  each  span.  The  weights  of  spans  were  from  data  at  hand, 
partly  actual  and  partly  calculated  for  the  purpose,  closely  enough  for 
purposes  of  comparison. 

The  results  of  Launhardt's  formula  in  tension  are  shown  in  column 
4,  and  in  compression  in  column  12.  To  tabulate  results  of  common 
practice,  with  allowances  for  impact  and  influence  of  increased  percent- 
age of  live  load  as  compared  with  dead,  columns  1  and  2  for  tension, 
and  10  for  compression  were  formed. 
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The  unit  strains  tliere  shown  are  the  equivalent  strains,  starting  with 
a  basis  of  10  000  pounds  per  square  inch  in  tension  and  8  000  i)Ounds  in 
compression,  which  would  give  the  same  sectional  area  as  if  the  impact 
jjercentages  were  added  to  the  live  load. 

I  then  attempted  to  formulate  the  common  i^ractice  ignoring  impact, 
combined  with  a  recognition  of  Wohler's  law,  using  the  factors  of  4  for 
all  dead  load  and  6  for  all  live  load. 

The  results  of  this  are  shown  in  columns  6  and  14,  where  general 
xiltimates  of  48  000  and  40  000  pounds  per  square  inch  were  assumed. 
Columns  5  and  7  were  also  formed  on  the  basis  of  an  ultimate  strength 
of  48  000  pounds  and  Wohler's  law,  that  rupture  of  material  may  be 
caused  by  stresses  from  repeated  applications  of  loads,  none  of  which 
equal  the  breaking  load.  The  diflferences  of  these  stresses  being  measures 
of  the  strength  of  the  material,  has,  I  believe,  been  fully  demonstrated 
by  his  own  and  Spangenberg's  exijeriments  on  small  pieces,  as  well  as 
those  by  Fairbairu  on  riveted  girders. 

These  experiments  showed  that  near  the  elastic  limit  a  certain  vari- 
able load  was  one  and  a  half  to  twice  as  severe  in  its  effect  as  the  same 
load  when  quiescent. 

From  this  it  became  apparent  that  engineers  should  take  into  ac- 
count the  effect  of  moving  loads  on  a  structure  as  distinguished  from 
dead  luads. 

That  this  has  been  done,  and  that  it  enters  to  a  certain  degree  into 
the  every-day  practice  of  American  engineers,  is  evinced  by  the  quota- 
tions in  Mr.  Wilson's  i^aper. 

Since  reading  his  paper  I  have  continued  the  comparison  to  include 
results  from  proposed  formula.     These  are  shown  in  columns  8  and  16. 

I  have  also  determined  the  factors  of  safety  shown  in  columns  3,  9, 
11,  17  referred  for  tension  to  ultimate  strength  specified,  viz. :  46  000 
pounds  per  square  inch  for  plates  and  shajies  (used  up  to  80  feet  span), 
and  50  000  pounds  for  eye-bar  material.  All  factors  for  comjiression  are 
referred  to  40  000  pounds  per  square  inch  ultimate  strength. 

The  question  which  arises  in  tbe  examination  of  the  foregoing  table, 
is  whether  the  practice  as  generally  pursued  carries  the  principle  of 
Wohler  through  consistently,  and  whether  the  formulas  and  constants 
given  by  Mr.  Wilson  give  more  rational  results  than  those  heretofore 
used. 

Launhardt's  formiila,  using  his  divisor  of  3  for  working  strength, 
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averages  about  a  factor  of  3  for  dead  and  5  for  live  loads,  while  that  used 
in  specifications  amounts  to  using  factor  of  3  for  dead  and  6  for  all  live. 
The  present  general  practice  more  nearly  ajsproaches  factors  of  4  and  6 
for  dead  and  live  respectively,  all  referred  to  the  ultimate  strength  of 
the  material. 

If  consistently  carried  out,  the  latter  woukl  be  as  before  stated,  about 
as  shoAvn  in  columns  6,  7  and  14,  15.  If  no  allowance  for  impact,  or  the 
principle  enunciated  by  Wohler  was  made,  the  uniform  factor  would,  of 
course,  be  5. 

Study  of  the  results  of  exjieriments  before  mentioned  did  not  to  me 
seem  to  wholly  justify  the  use  of  Launhardt's  formulas  as  his  and  Wey- 
rauch's  constants  left  it,  neither  did  the  common  practice  seem  to  suffi- 
ciently comply  with  the  law  of  variations  in  effect  of  live  and  dead  loads. 
Nevertheless  the  latter  was  certainly  safe  within  limits  discussed. 

The  formula  proposed,  however,  seems  to  me  to  furnish  a  close  ap- 
proximation for  tensile  stress  to  the  conditions  imposed  by  the  loads. 
It  assumes  that  the  effect  of  live  load  is  twice  as  injurious  as  that  of  dead 
load. 

This  was  the  extreme  limit  of  variation  found  by  experiment  near  the 
elastic  limit  of  the  material,  and  therefore  we  have  a  corresponding  and 
additional  margin  of  safety  for  strains  never  exceeding  one-half  the 
elastic  limit. 

For  compressive  strains  I  should  consider  it  equally  good  for  upper 
flanges  of  well-braced  plate  or  lattice  girders  under  80  feet  span. 

In  its  application  to  the  constants  of  the  well  known  column  formulas, 
we  have,  however,  a  different  case  to  consider. 

These  formulas,  as  adopted  by  Mr.  Wilson,  with  working  strain  of 
8  000  pounds  per  square  inch,  decreased  in  proportion  of  length  to  least 
radius  of  gyration,  give  results  agreeing  as  closely  as  any  with  those  of 
testing  machine  on  squai*e  columns. 

The  application  of  the  loads  applied  in  the  testing  machine  being 
gradual,  the  post  may  be  assumed  to  be  in  a  condition  similar  to  that  in 
the  structure  with  a  gradual  livel  oad  coming  on,  without  shock,  of  a 
sufficient  intensity  to  cause  rupture. 

Taking  the  specified  formtila  for  permissible  working  stress  for  all 
live  loads  we  have  a  =  6  500  pounds  per  square  inch,  which  corresponds 
as  to  conditions  with  the  8  000  pounds  in  column  formulas,  and 
which  gives  a  factor  of  6  as  referred  to  40  000  pounds  ultimate  strength 
per  square  inch  in  compression. 
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It  has  been  proven  br  a  multitude  of  experiments,  that  when  no 
lateral  tlexiire  occurs,  the  rupture  of  any  structural  material,  subjected 
to  bending  stress,  occurs  on  the  side  which  is  strained  in  tension.  From 
this  fact,  it  is  fair  to  assume  that  when  the  column  is  jiroperly  staved  to 
prevent  flexure  from  loads  i)roelucing  stresses  in  the  material  up  to  the 
elastic  limit,  the  material  composing  the  column  is  as  well  able  to  take 
compressive  as  tensile  stress. 

Of  course,  in  j^ractice,  our  columns  are  designed  to  admit  working 
stresses  only  which  are  far  within  the  elastic  limit.  Hence,  it  seems 
rational  to  allow  a  working  value  equal  to  that  for  tension  in  the  same 
material. 

Mr.  Wilson's  constant  is,  for  compression,  less  than  that  for  tension, 
hence,  still  farther  on  the  safe  side. 

I  will  state  that  the  percentages  added  to  live  load  in  table,  under 
head  of  impact,  were  obtained  by  using  data  afforded  by  Mr.  B.  Baker, 
which  he  deduced  from  experiments  by  Baron  Von  Weber,  and  ajiplied 
on  the  heaviest  English  locomotives.  Mr.  Baker  allowed  a  percentage 
for  imi^act  for  short  spans  to  be  added  to  the  live  load,  and  also 
decreased  his  unit  strain. 

Percentages  given  simply  combine  these  operations,  and  are  applic- 
able to  any  other  live  loads,  as  well  as  those  considered  by  Mr.  Baker. 

A.  P.  BoiiLKR,  M.  Am.  Soc.  C.  E. — In  commenting  upon  Mr.  Wilson  V 
paper,  I  recognize  the  fact  of  his  unusual  opportunities  for  noting  the 
behavior  of  iron  in  structures  under  the  wear  and  tear  of  actual  service; 
opportunities  denied  the  regular  i^rofessional  bridge-builder,  who 
rarely  sees  his  work  after  it  is  once  taken  off  his  hands,  unless  he  makes 
a  special  mission  for  the  purjiose.  The  first  j^oint  brought  out  by  Mr. 
Wilson  is  the  purely  arbitrary  practice  among  engineers  in  their  selec- 
tion of  what  may  be  termed  the  base  strain  for  jiroiDortioning  structural 
work,  and  his  recommendation  of  the  Launhardt  and  Weyrauch 
formula  is  in  the  direction  of  uniformity  of  practice.  No  accurate 
formula  can  ever  be  devised,  any  such  being  as  arbitrary  as  naethods  in 
common  use;  but  this  one  of  Launhardt's  seems  to  crystallize  in  a  simple 
way  the  recognized  truths,  that  the  greater  the  ratio  between  dead  and 
mo-\-ing  load,  the  less  should  material  be  strained;  and  that  where  mate- 
rial is  subject  to  alternate  tension  and  comi^ression,  it  should  be  jiro- 
portioned  with  a  unit  strain  largely  in  excess  of  what  would  be  required 
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for  all  tension  or  all  compression.  The  formula  is  certainly  on  the  side 
of  safety,  having  been  worked  out  from  deductions  based  upon  impact 
experiments,  involving  conditions  to  Avhich  few,  if  any,  bridge 
structures  are  actually  subjected.  Impacts  continuously  kept  up  to 
rupture,  on  comparatively  small  pieces,  create  a  ceaseless  molecular 
vibration  that  even  our  elevated  railways  are  not  subjected  to;  and  it 
seems  to  me  going  to  the  extreme  of  conservatism  to  judge  of  the  value 
■of  iron  construction  wholly  on  the  same  basis.  It  is  impossible  for  the 
engineer  to  be  bound  entirely  by  an  empirical  formula,  no  matter  how 
convenient  its  use,  as  varying  circumstances  will  control  his  judgment 
as  to  permissible  strains.  A  bridge  structure  infrequently  used,  or  one 
which,  in  the  nature  of  things,  can  never  be  subjected  to  a  high-speed 
traific,  may  safely  be  proportioned  for  a  higher  unit  strain  than 
structures  subjected  to  great  speed  or  in  frequent  use.  Why  Mr.  Wilson 
should  assign  a  less  compressive  than  tensive  value  to  wrought-iron  is 
not  clear,  and  this  is  hardly  in  accord  with  modern  experimental  knowl- 
edge. The  elastic  limit  in  compression  is  fully  as  high  as  in  tension, 
and  the  ultimate  compressive  strength,  where  bending  is  not  in  ques- 
tion, is  at  least  equal  to  the  highest  tension  value,  and  in  large  sections 
certainly  higher.     Then  wh  y  make  the  distinction  ? 

I  question  very  much  Mr.  Wilson's  assumption  that  continuous 
compression  members  over  points  of  support  are  substantially  hinged 
columns,  and  should  be  so  treated.  This  is  an  important  fact,  if  true, 
as  it  would  add  a  large  percentage  of  metal  to  upper  chord  members  as 
usually  proportioned.  It  seems  to  me  that  such  a  chord  is  held  as 
securely  by  the  pins  passing  through  it  as  if  riveted  by  gusset  plates, 
or  supported  direct  on  post  heads,  and  that  the  assumption  there  is  a 
tendency  for  compound  bending  is  an  over-refinement  that  has  very 
serious  tendencies,  not  only  adding  quite  perceptibly  to  the  amount  of 
material  in  a  given  structure,  but  also  on  the  practical  questions  involved 
in  long  spans.  There  is  one  point  in  the  specifications  that  will,  I 
think,  strike  many  engineers  as  exceedingly  critical  of  common  practice, 
and  that  is  the  condemnation  of  plate  girders  having  no  upper  flange 
plates.  I  am  sure  most  engineers  will  agree  that  any  exact  theoretical 
solution  of  the  plate-girder  problem  is  impossible,  and  that  the  fewer 
the  parts  of  which  such  a  girder  is  composed,  the  more  nearly  can  theory 
and  practice  be  made  to  harmonize.  Consequently,  so  far  from  not 
insisting  upon  plating  the  flanges,  it  is  desirable  to  retain  but  a  pair  of 
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angles  for  each  flange,  as  far  as  practicable,  even  at  the  expense  of  more 
metal,  and  only  have  recourse  to  plating  when  constructive  necessity 
demands  it;  and  even  in  that  case  not  to  build  uji  theoretical  sections 
with  too  many  thin  plates.  Piling  up  thin  plates  for  the  sake  of 
economy  of  metal  can  only  be  done  at  the  sacrifice  of  the  economy  of 
the  shop.  I  know  of  no  branch  of  constructive  iron-work  that  demands 
more  sound,  common  sense  than  plate-girder  work,  in  which  simplicity 
and  fewness  of  integral  parts  are  base  principles. 

MANSFiEiiD  Merriman,  M.  Am.  Soc.  C.  E. — The  method  of  assigning 
the  working  stresses  per  square  inch  for  members  subject  to  alternating 
stresses,  by  means  of  the  formulas  of  Lauuhardt  and  Weyrauch,  appears 
more  rational  and  satisfactory  than  the  use  of  percentages  varying  with 
length  of  span  or  with  the  ratios  of  dead  to  live  load.  It  is,  however, 
an  objection  to  Wey ranch's  formula  that  it  does  not  contain  t,  the  ultimate 
strength  of  the  material  under  a  static  stress.  Launhardt's  formula 
contains  t,  but  the  vibration  strength  s  is  absent,  and  this  would  prob- 
ably affect  the  value  of  the  working  stress  a  for  a  small  range  of  stress 
near  the  zero  point. 

Let  R  denote  the  ratio  of  the  least  limiting  stress  in  the  member  to 
the  greatest  limiting  stress.  If  these  limiting  stresses  are  both  tension 
or  both  comi)ression,  R  will  be  positive,  but  if  one  is  tension  and  the 
other  compression,  R  is  negative.  Then  the  formulas  of  Lauuhardt 
and  Weyrauch  may  be  written 


u(  1  -] R  )    for  positive  R. 

ui   1  -j R  J  for  negative  R. 


Here  there  are  two  formiilas  to  exi:)ress  the  variation  of  a  as  R  varies 
from  -f-  1  to  —  1,  whereas  it  would  seem  that  one  formula  expressing  a 
as  a  continuous  function  of  R  in  terms  of  /,  u,  and  s  would  be  a  more 
rational  expression  of  the  true  law. 

The  following  formula,  whose  deduction  is  elsewhere  given,  contains 
u,  t,  and  .s,  and  gives  values  of  a  corresponding  to  values  of  R  from 
4-1  to  —  1: 

«="(>+'ii'^+^±li^*0 « 

This  formula  satisfies  the  three  limiting  conditions;  thus,  if  /2  =  +  1, 
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the  value  of  a  is  /;  if  R  =  0,  the  value  of  a  is  u;  and  if  R  —  —  1,  the 
value  of  a  is  s;  and  these  are  the  three  vahxes  indicated  by  the  experi- 
ments for  a  great  number  of  repetitions  of  stress  between  the  limiting 

values. 

For  wrought-iron,  experiments    show    that    ^=2«    and   s  =  -^iu 
Hence  formula  (1)  becomes 

^'=«(i+4^+T^0 (2) 

To  use  this  formula  for  determining  values  of  the  working  unit  stress  a,. 
the  value  of  u  must  be  taken  as  one-half  of  the  working  strength  per 
square  inch  for  a  static  load  liable  to  no  variation.  For  example :  If  the 
working  strength  under  a  static  stress  be  taken  as  14  000  pounds  per 
square  inch,  the  formula  is 


«  =  7  000  (^  1  +  -|-  i?+  -^-R') 


Now  for  a  member  whose  stress  ranges  from  40  000  pounds  tension  to 

100  000  pounds  tension,  the  value  of  i?  is  +  -^^  and  that  of  a  is  9  380 

jDOunds  per  square  inch ;  but  for  a  member  whose  stress  ranges  from 
40  000  i^ounds  compression   to   100  000  pounds  tension,  the   value   of 

4 

R  IB  —  -— :r-  and  the  value  of  a  becomes  5  180  pounds  per  square  inch. 

On  Plate  XL  are  plotted  the  curves  corresponding  to  formula 
(2)  for  the  three  cases,  ?/=7  500,  ?f=7  000,  and  ?<=6  500  pounds  per 
square  inch.  The  straight  lines  corresponding  to  the  formulas  of 
Launhardt  and  Weyrauch  are  also  drawn  for  the  case  of  u  =  7  500. 
The  diagram  shows  that  the  formula  (1)  agrees  with  those  of  Launhardt 
and  Weyrauch  when  R  =  -\-l,  R  =  0,  and  R=  —  1;  but  that  for  all 
other  values  of  R,  it  gives  somewhat  smaller  values  of  the  allowable 
working  unit  stress  a.  Launhardt's  formula  is  that  of  a  straight  line, 
Weyrauch's  formula  is  also  a  straight  line  intersecting  the  first,  while 
(1)  is  the  equation  of  a  parabola  passing  through  the  three  points  best 
determined  by  experiments. 

The  very  few  exj)eriments  made  by  Wohler  for  values  of  R  between 
-j- 1  and  0  seem  to  be  somewhat  better  satisfied  by  Launhardt's  formula 
than  by  formula  (1).  No  experiments  were  made  for  values  of  R  between 
0  and  —  1. 
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The  following  table  gives  values  of  a  corresponding  to   the  three 
curves  shown  in  the  diagram : 

( «  =  7  500)  {u  =  7  000)  ( «  =  6  500) 

Ha  a  a 


+1.0 

15  000 

14  000 

13  000 

4-0.9 

14  081 

13  143 

12  204 

+0.8 

13  200 

12  320 

11440 

+0.7 

12  356 

11533 

10  709 

+0.6 

11550 

10  780 

10  010 

+0.5 

10  781 

10  063 

9  344 

+0.4 

10  050 

9  380 

8  710 

+0.3 

9  356 

8  733 

8  109 

+0.2 

8  700 

8  120 

7  540 

+0.1 

8  081 

7  543 

7  004 

0.0 

7  500 

7  000 

6  500 

—0.1 

6  956 

6  493 

6  029 

—0.2 

6  450 

6  020 

5  590 

—0.3 

5  981 

5  582 

5  184 

-0.4 

5  550 

5  180 

4  810 

-0.5 

5  156 

4  813 

4  469 

—0.6 

4  800 

4  480 

4  160 

—0.7 

4  481 

4  183 

3  884 

—0.8 

4  200 

3  920 

3  640 

—0.9 

3  956 

3  693 

3  429 

—1.0 

3  750 

3  500 

3  250 

The  value  of  a  may  be  expressed  also  in  the  following  manner : 

a=2)S (3) 

in  which  S  is  the  working  strength  2  m  for  a  purely  static  stress,  and  p 
is  a  number  less  than  unity  or  the  percentage  to  be  taken  of  S  for  a 
particular  value  of  R.  By  comparison  with  formula  (2)  it  is  seen  that 
the  value  of  p  is 

The  following  table  gives  values  of  the  percentage  p  for  different 
values  of  R.  When  R  has  been  found  for  any  particular  case  p  may  be 
taken  from  this  table,  and  then  the  i^ermissible  working  unit-stress  a  is 
p  times  the  greatest  allowable  working  uuit-stress  S. 


R 

P 

R 

p 

+1.0 

1.000 

+0.4 

0.67 

+0.9 

0.939 

+0.3 

0.624 

+0.8 

0.88 

+0.2 

0.58 

+0.7 

0.824 

+0.1 

0.539 

+0.6 

0.77 

0.0 

0.50 

+0.5 

0.719 
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R 

P 

R 

P 

0.0 

0.50 

—0.6 

0.32 

—0.1 

0.464 

—0.7 

0.299 

-0.2 

0.43 

—0.8 

0.28 

—0.3 

0.399 

-0.9 

0.264 

—0.4 

0.37 

—1.0 

0.25 

—0.5 

0.344 

James  G.  Dagkon,  C.  E. — The  author,  in  his  specification  requires 
that  the  eyes  on  all  tensile  members  shall  have  fifty  (50)  per  cent, 
excess  of  material  at  the  pin  when  the  diameter  of  pin  does  not  exceed 
the  width  of  bar,  and  one  hundred  (100)  per  cent,  excess  when  the 
diameter  is  twice  the  width  of  bar  or  over;  for  intermediate  sizes  of  pins 
the  excess  of  eye  to  be  made  proportional  to  their  diameter.  An  addi- 
tional clause  specifies  that  all  links  and  rods,  if  tested  to  destruction, 
shall  part  through  the  body  and  not  through  the  head  or  pin-hole. 

These  requirements  do  not  agree  with  the  results  of  many  tests  made 
by  myself,  during  the  past  year,  on  eye-bars  manufactured  by  three  of 
the  leading  bridge  companies;  in  fact  these  experiments  have  shown  that 
the  best  results  are  obtained  when  the  diameter  of  the  pin  is  equal  to  or 
greater  than  the  width  of  the  bar,  provided  proper  care  is  taken  in  the 
manufacture  of  the  head.  The  proper  amount  of  excess  to  be  given  in 
the  latter  case  has  yet  to  be  determined,  but  I  think  it  should  not  be 
greater  than  when  the  diameter  of  the  pin  is  less  than  the  width  of  the 
bar.  It  is  my  opinion,  however,  that  it  would  be  injudicious  to  reduce 
the  requirements  of  the  specifications  to  the  percentages  of  excess 
claimed  by  certain  manufacturers,  these  claims  being  based  upon  a  few 
exceptional  tests  such  as  those  cited  by  the  author  in  his  jjaper,  and 
there  is  nothing  to  prove  that  they  can  be  obtained  in  a  current  manu- 
facture, for  it  should  not  be  forgotten  that  these  special  test-bars  are 
very  liable  to  be  the  object  of  much  greater  care  than  bars  of  a  current 
fabrication  would  receive. 

The  percentage  of  bars  which  break  through  the  head  or  pin-hole 
when  tested  to  destruction,  is  much  greater  than  would  be  supposed.  It 
is  true,  however,  that  a  certain  proportion  of  these  breakages  may  be 
chargeable  to  improper  proportioning  of  width  of  bar  for  a  given 
diameter  of  pin.  Of  the  125  bars  tested  by  me,  fifty -two  (52)  were  of  steel 
and  the  balance  iron.  The  steel  bars  ranged  in  width  from  3  to  7  inches, 
the  smallest  section  being  3  by  x«  inches  and  largest  7  by  1  finches. 
The   diameter   of    the  pins  varied  from  4-g-  to  6^  inches,  and  in  the 
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majority  of  cases  was  greater  than  the  width  of  bar.  The  iron  bars 
broken  were  mostly  five  (5)  and  six  (6)  inches  in  width,  the  pins  in  the 
majority  of  cases  being  of  a  diameter  less  than  the  width  of  bar.  The  per- 
centages of  excess  of  material  through  the  pin-hole  varied  from  fifty 
(50)  to  sixty  (60)  per  cent,  for  both  steel  and  iron  bars.  The  majority 
of  the  steel  bars  were  made  by  the  hydraulic  ujisetting  and  forging  pro- 
cess, and  notwithstanding  the  care  taken  in  their  manufacture,  nearly 
twenty -nine  (29)  per  cent,  of  the  total  number  tested  broke  through  the 
pin-hole  or  in  the  head,  and  of  these  over  fifty -seven  (57)  per  cent,  had 
pins  of  a  greater  diameter  than  the  width  of  the  bar;  the  excess  of 
material  through  the  pin-hole  in  every  case  being  about  fifty  (50)  per 
cent. 

The  iron  bars  were  mostly  made  by  upsetting  and  piling,  and  in  this 
case  nearly  forty-four  (44)  per  cent,  broke  through  the  pin-hole  or  in  the 
head.  The  excess  of  material  through  the  i^in-hole  was  in  every  case 
greater  than  fifty  (50)  per  cent. 

The  bars  broken  were  not  special  test  bars  made  for  the  occasion, 
but  were  taken  from  the  piles  of  bars  intended  for  use  in  the  different 
striictures,  and  can  thus  be  fairly  sup^josed  to  represent  the  present 
stage  of  eye-bar  manufacture. 

The  results  obtained  have  shown  that  there  is  considerable  room  for 
improvement  in  this  line,  and  that  until  it  is  conclusively  proven  that 
this  improvement  has  taken  place  it  would  be  unwise  to  reduce  the  per- 
centages of  excess,  especially  in  the  case  of  steel  bars,  where  so  many 
additional  factors,  such  as  proper  heating  and  annealing,  tend  to  com- 
plicate the  problem  of  successful  manufacture. 

WiiiLiAM  Selleks,  M.  Am.  Soc.  C.  E. — The  paper  concludes  with  the 
statement:  "Great  care  has  been  taken  in  framing  the  conditions  for 
quality  of  material  and  workmanship  to  insure  having  what  is  desired, 
and  what  the  present  advanced  state  of  manufacture  can  produce,  with- 
out asking  for  what  is  impossible  to  obtain  except  at  extraordinary  cost. " 
I  propose  to  confine  my  discussion  of  this  paper  to  that  portion  of  the 
specification  thus  referred  to,  believing  that,  in  the  present  state  of  the 
art,  less  difference  of  oi^inion  exists  as  to  the  strains  and  the  methods  of 
computing  them,  than  as  to  the  details  of  construction  and  the  quality 
of  material  and  workmanship.  And  at  the  outset  1  have  to  say  that  the 
author  is  evidently  sincere  in  his  desire  not  to  burden  his  specifications 
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with  requirements  that  cannot  be  complied  with,  except  at  an  extraordi- 
nary cost,  and  in  the  main  he  has  been  successful.  But  there  may  be  re- 
quirements, the  fulfillment  of  which  cannot  be  determined  by  the 
physical  tests  prescribed;  that  nothing,  in  short,  but  the  personal  super- 
vision of  the  engineer,  or  his  inspector,  at  every  stage  of  the  manufacture 
could  enforce,  and  as  this  last  is  practically  impossible,  he  finally  con- 
tents himself  with  the  behavior  of  his  material  under  his  physical  tests. 
Now  the  question  arises :  Is  it  wise  to  retain  provisions  that  never  are  and 
never  can  be  enforced?  I  allude  to  the  clause  "  must  be  double-rolled 
after  and  directly  from  the  muck  bar  (no  scrap  will  be  allowed)."  To  com- 
ply with  this  i:)rovision  literally  would  certainly  involve  additional  cost, 
whereas,  with  rare  exceptions,  no  extra  charge  is  made  by  the  manufac- 
turer when  this  provision,  common  to  most  specifications,  is  brought  to 
his  notice.  There  are  exceptions,  who  say  they  will  agree  to  comply  with 
the  physical  tests,  but  they  cannot  conscientiously  say  they  will  comply 
with  this  provision  of  manufacture.  I  believe  it  is  as  unwise  as  it  is  unfair 
to  prescribe  conditions  for  manufacturing  which  practically  prevent  such 
men  from  furnishing  this  class  of  material,  and  it  would  be  well  for  the 
engineer  not  only  to  limit  his  requirements  to  what  is  desired,  but  also 
to  determine  what  means  are  at  his  disposal  for  insuring  that  he  will  ob- 
tain what  he  desires,  and  then  limit  his  requirements  strictly  to  his 
means  for  insuring  their  fulfillment.  In  framing  specifications  it  must  be 
remembered  that  they  are  to  be  construed  by  inspectors  who  are  gener- 
ally innocent  of  any  practical  knowledge  of  the  material  with  which  they 
are  dealing,  or  of  modes  of  construction,  or  of  the  means  for  its  accom- 
plishment; and  too  much  care  cannot  be  taken  to  avoid  ambiguities  and 
the  exercise  of  their  judgment.  And  to  this  end  I  suggest  that  the  words 
"hereinafter  described  "  should  be  inserted  after  test  piece  in  the  first, 
and  "  in  addition  to  the  first  requirements  "  should  be  appended  to  the 
second,  third  and  fourth  i)aragrai)hs  of  Quality  of  Materials. 

The  test  piece  as  described  contemplates  a  uniform  length  with  vary- 
ing thicknesses.  It  is  desirable  that  the  ductility  should  be  comparable 
in  all  test  pieces;  and  this  cannot  be  done  unless  the  length  is  a  uniform 
multiple  of  their  shortest  transverse  section.  It  is  impossible  to  eluci- 
date this  proi^osition  within  the  limits  of  this  discussion,  but  I  may  refer 
to  a  pajjer  by  W.  Hackney,  read  before  the  Society  of  Civil  Engineers  in 
London,  and  published  in  Vol.  76,  Session  1883-84,  Partll,  in  which  the 
advantages  of  this  modification  are  clearly  set  forth. 
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Under  "Workmanship  an  omission  occurs  which  I  believe  has  escaped 
the  notice  of  the  axithor .  It  should  read,  ' '  In  the  case  where  rough  bolts 
are  permitted  a  variation  of  one-sixteenth  of  an  inch  will  be  allowed  be- 
tween diameter  of  bolt  and  hole." 

Since  the  report  of  tests  on  steel  eye-bars  was  made  which  the  author 
has  quoted,  the  Edge  Moor  Iron  Company  have  nearly  completed  the 
modification  of  their  plant  for  the  manufacture  of  such  bars,  but  I  am 
-unable  as  yet  to  submit  any  later  data  than  that  contained  in  the  paper. 
It  is  to  be  regretted  that  the  author  has  limited  his  specifications  to  the 
use  of  wrought-iron  only,  for  at  the  present  day  steel  enters  largely  into 
the  composition  of  nearly  all  bridges,  and  his  formulas  are  as  well  adapted 
to  the  one  material  as  to  the  other.  So  that  it  only  requires  that  the 
requisite  tests  should  be  prescribed  to  obtain  the  quality  with  reasonable 
exactitude,  without  resorting  to  tests  that  add  materially  to  the  cost, 
while  they  add  literally  nothing  to  the  security  of  the  structure,  and  I 
■suggest  that  the  discussion  might  be  profitably  extended  to  this  branch 
of  the  subject. 

E.  Thachee,  M.  Am.  Soc.  C.  E.— Although  I  do  not  fully  agree  with 
the  author  in  all  particulars,  I  think  his  specification  is  a  move  in  the 
right  direction,  and  that  it  will  give  safe  and  fairly  economical  results. 
From  the  standpoint  of  a  bridge  engineer  it  is  too  complex;  too  much 
time  is  required  in  estimating;  and  essentially  the  same  results  can  be  ob- 
tained by  simpler  means.  The  specification  gives  three  different  distri- 
butions of  rolling  load,  the  maximum  of  these  being  used  in  proportion- 
ing every  member  of  the  structure.  Now,  for  any  length  of  span  or 
class  of  engine,  a  uniformly  distributed  load  can  be  found,  which,  when 
used  in  calculation,  will  give  essentially  the  same  results  as  the  wheel 
loads;  and  by  aid  of  preliminary  moment  tables  these  maximum  equiva- 
lent loads  can  be  readily  calculated  and  tabulated  once  for  all,  and  the 
various  comj^etitors  for  work  would  be  relieved  from  the  necessity  of  de- 
voting hours  of  time  to  calculations  which  could  be  made  as  well  in  a 
few  minutes;  and  as  the  loads  are  typical  at  best,  great  exactness  in  this 
regard  does  not  appear  to  me  essential.  Having  fixed  upon  the  loads,  I 
would  have  the  stresses  correct  for  those  loads,  which  is  not  the  case  if 
the  cross-girder  load  under  the  drivers  is  considered  the  head  of  the 
train,  as  the  author  recommends.  To  be  sure  it  is  on  the  side  of  safety, 
but  not  consistently  so,  as  the  percentage  of  gain  varies  largely  in  the 
different  members. 
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The  division  of  dead  load  at  panel  points,  as  specified,  requires  too 
much  labor,  and  it  cannot  well  be  observed  except  by  revision.  My 
practice  has  been  to  consider  two-thirds  panel  weight  at  loaded  and  one- 
third  at  unloaded  aijex,  which  is  believed  to  be  sufficiently  correct  for  all 
practical  purposes. 

I  have  confidence  in  the  correctness  of  Launhardt  and  Weyrauch's 
formulas.  The  ordinary  arbitrary  provisions  for  repetitions  of  load  and 
impact  are  inconsistent  and  unsatisfactory.  The  modification  of  Laun- 
hardt's  formula  adopted  by  the  aiithor,  allows  33^  per  cent,  as  the  maxi- 
mum effect  of  impact  alone,  which  appears  to  me  about  right.  Ordinarily 
the  track  on  bridges  is  the  best  on  the  road,  and  under  these  circum- 
stances the  effect  of  imjiact  from  various  recorded  experiments  appears 
to  be  next  to  nothing;  but  to  provide  for  imperfections  and  to  a  certain 
extent,  accidents,  it  is  well  to  make  a  liberal  allowance. 

The  formulas  of  Launhardt  and  Weyrauch  allow  for  the  fatigue  of  the 
material,  but  I  can  see  no  good  reason  why  their  results  should  be  used 
in  Rankine's  formulas  for  struts  which  fail  partially  or  wholly  by  flexure ; 
nor,  in  fact,  much  necessity  for  Rankine's  formulas.  Iron  struts  deflect 
very  little  until  near  the  breaking  jjoint,  and  repetitions  of  stress  within 
safe  or  working  limits  are  not  reijetitions  of  flexure.  If  Rankine's 
formulas  are  used,  I  believe  the  numerator  should  be  constant  or  nearly 
so,  and  that  the  resulting  working  stress  should  not  exceed  the  allowed 
stress  by  Launhardt's  formula. 

For  members  subject  both  to  tension  and  compression,  I  can  see  no 
relation  between  the  tension  to  which  it  is  subjected  and  its  failure  by 
flexure.  I  believe  flexure  formulas  should  consider  compression  only, 
but  that  the  resulting  working  stress  should  not  exceed  the  amount 
given  by  Weyrauch's  formula  for  alternate  stress. 

Plates  XXXV  and  XXXVI,  comjjaring  the  results  of  experiments 
with  various  proposed  formulas,  and  Plate  XXXVII,  comparing  pro- 
posed formulas  with  each  other,  are  very  interesting  and  instructive.  So 
long,  however,  as  there  remains  such  a  wide  discrepancy  in  opinion  as  to 
the  proper  value  of  the  constants  that  should  be  used  in  Rankine's 
formulas,  as  illustrated  by  Plate  XXXVII,  resulting  in  a  variation 
of  from  60  to  upwards  of  100  per  cent.,  it  would  api^ear  to  me 
that  the  formulas  are  of  very  little  service.  If  on  Plate  XXXV 
we  draw  a  line  connecting  the  maximum  values  of  a,  and  another 
connecting  the  minimum  values,  leaving  out  of  consideration  welded 
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tubes  and   swelled  octagon   columns,    there   will  be   inclosed  an  area 
showing  the  variations  in  the   results    of   exiDeriments    on  flat-ended 

struts.    If  now  a  line  is  drawn,  starting  at  45  000  at  ^  __  q    and  ending 

at  9  000  at   —    =  240,  it  will  pass  very  nearly  through  the  center  of  this 

r 

area,  and  will  apparently  represent  more  nearly  than  any  of  the  proposed 
curved  lines,  the  average  strength  of  the  struts.     The  equation  of  this 

line  is  (7  =    45  000  —  150   —    or  allowing  a  factor  of  safety  of  5,  a  = 

r 

9  000  —  30  —-  which    is   a    simple    formula,    easily   applied.      Like- 
r 

wise,  if  on  Plate  XXXVI  we  draw  lines  connecting  the  maximum  and 

also  the  minimum  values  of  a,  leaving  out  of  consideration  a  few  scattering 

results,  due  probably  to  exceptional  character  of  material  or  manner  of 

conducting  the  exijeriments,  there  will  be  inclosed  an  area  showing  the 

variations  in  the  results  of  experiments  on  pin-ended  struts.     If  now  a 

line  is  drawn,  starting  at  45  000   at  —  =    0,  and  ending  at  10  000  at 

r 

—  =   175,     it  will  pass  nearly  through  the  center  of  this  area,  and  will 
r 

represent  quite  as  nearly  as  any  of  the  proposed  curved  lines  the  average 

strength   of  the   struts.      The  equation  of  this  line  is  a  =  45  000  — 

200  —  or,    allowing    a  factor  of  safety   of    5,    a   =    9  000    —  40  — 
r  1' 

which  is  also  a  simple  formula  easily  apjjlied.    To  sum  uj?,  I  would  pro- 
pose the  following  formulas  for  working  stresses: 


Tension  Only. 

„  f.n.r.  /-.     ,    min.  stress  in  member  \  /jx 

\  max.  stress  in  member  / 


CoMPKESSioN  Only. 


i  =  (^9  000  —  30  —  ^  flat  ends  ! 

&  =  ^9  000  —  35  —)  one  flat  and  one  pin  end     <- 
5  =  A  000   —  40  — ^  pin  ends 


Not  to  exceed 
^' (2) 
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Alternate  Tension  and  Compression. 

For  compression  only,  see  formula  (2). 
For  greater  stress  tension  or  compression 

max.  stress  of  lesser  kind     \ 


c  =  7  500 


(- 


2  max.  stress  of  greater  kind  / 

use  the  one  giving  the  greatest  area  of  section. 

I  do  not  think  it  necessary  that  horizontal  struts,  continuous  over 
points  of  sui3port,  should  be  considered  as  hinged  at  such  points,  as 
undoubtedly  the  weight  of  the  piece  is  more  than  sufficient  to  overcome 
any  tendency  to  bend  upwards;  but  for  members  vertical,  or  nearly  so, 
with  intermediate  points  of  support,  such  as  jjosts  and  bridges  in 
Tiaducts,  I  fully  agree  with  the  author. 

I  think  it  is  very  essential  that  the  center  of  pin  should  always  be 
placed  as  nearly  as  possible  in  the  neutral  axes  of  the  section.  Too 
little  attention  is  usually  paid  to  this.  No  provision  can  be  made  for 
taking  up  eccentric  stresses  except  by  large  additions  to  the  section. 
It  is  very  common  in  the  design  of  bridges  to  have  the  top  chord  and 
end  braces  consist  of  two  rolled  or  riveted  channels  with  equal  flanges 
and  a  top  plate,  the  center  of  pin  being  placed  at  the  center  of  the 
channels.  This  plate  is  always  counted  as  eflfective  area,  notwithstand- 
ing its  addition  is  often  a  positive  injury,  the  section  being  stronger 
without  than  with  it. 

I  do  not  approve  the  method  sj^ecified  by  the  author  for  proportion- 
ing the  top  chords  of  deck  bridges  when  the  floor  system  rests  directly 
on  them.  Such  construction  I  consider  poor,  at  best,  and  i^refer  not  to 
use  it  if  it  can  be  avoided.  The  stresses  are  much  affected  by  deflections 
at  panel  points,  character  of  splices  and  position  of  pins,  and  cannot  be 
determined  with  any  degree  of  accuracy.  If  the  chord  is  continuous, 
the  author's  method  will  give  a  weakness  of  bottom  flange  at  panel 
point;  and  if  not  continuous,  a  weakness  of  both  flanges  at  center  of 
panel.  I  think  the  only  way  we  can  know  that  the  material  is  not  over- 
strained is,  first,  to  place  the  center  of  pin  at  the  center  of  gravity  of  the 
section,  as  the  effect  of  eccentricity  in  a  continuous  chord  is  difficult  to 
determine;  second,  to  consider  as  a  beam  of  one  panel  length,  subject  to 
the  maximum  bending  that  will  result  from  wheel  loads  and  floor 
system,  the  beam  to  be  considered  as  suj^ported  at  the  ends  for  center 
section  and  fixed  at  the  ends  for  end  section.     I  would  use  the  working 
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stress  a  in  both  cases,  unless  the  direct  thrust  is  in  excess  of  the  bend- 
ing stress. 

The  rule  given  by  the  author  for  excess  of  material  in  the  heads  of 
eye-bars  does  not  agree  with  the  results  of  experiments  at  the  Keystone 
Bridge  Works.  "We  have  found  beyond  qiiestion  that  the  larger  the 
pin  as  compared  with  the  width  of  bar,  the  less  the  excess  required  to 
develop  the  strength  of  bar.  The  author  makes  the  allowed  bearing  be- 
tween i^ins  and  pin-holes  a  function  of  his  compressive  unit  stress  a. 
This  is  very  troublesome  to  apply,  and  I  believe  a  uniform  unit  stress  of, 
say,  12  500  pounds  per  square  inch,  will  give  fully  as  good  results.  He 
makes  the  maximum  allowed  fiber  stress  on  pins  vary  with  the  maximum 
tensile  stress  a.  I  think  this  could  remain  constant  without  detri- 
ment to  the  work,  and  be  simpler  in  application.  W.  S.  Thompson, 
Manager  of  the  Dominion  Bridge  Works,  as  the  result  of  eight  or  ten 
careful  experiments  on  small  scale  machine  for  fiber  stress  necessary  to 
produce  permanent  set  in  ii'on  and  steel  pins,  found  that  set  was  pro- 
duced in  iron  pins  at  a  stress  of  from  45  000  to  47  000  pounds  per  square 
inch,  and  in  steel  pins  at  a  stress  of  from  70  000  to  75  000  pounds  per 
square  inch;  the  length  Avas  taken  in  clear  between  su^jports,  and  the 
applied  pressure  was  on  a  bearing  f-inch  wide  at  center.  I  have 
seen  pins  taken  from  old  bridges  after  many  years'  service,  and  appar- 
ently uninjured,  which,  according  to  the  ordinary  way  of  figuring  here, 
sustained  a  stress  of  100  000  pounds  per  square  inch  and  upwards.  The 
usual  requirement  of  considering  all  forces  applied  at  bearing  centers, 
frequently  leads  to  very  erroneous  results,  and  certainly  should  not  be 
followed  in  all  cases.  I  am  satisfied,  however,  that  good  sized  pins  are 
essential  in  equalizing  the  stresses  on  connecting  members,  and  that  an 
allowed  maximum  unit  fiber  stress  of  15  000  pounds  for  iron,  and,  say, 
21  000  pounds  for  steel,  is  good  practice. 

The  author  requires  double  nuts  on  upset  rods.  I  do  not  think  this 
desirable;  a  single  nut  locked  by  a  dap  with  a  narrow  chisel  at  the 
point  where  the  thread  enters  the  nut,  being  cheaper,  neater,  and 
perfectly  effective. 

The  author  requires  that  rivets  shall  not  be  spaced  further  apart  in 
line  of  stress  than  twelve  times  the  thickness  of  the  thinnest  external 
plate  connected.     If  the  space  meant  is  from  center  to  center  of  rivets, 
I  think  sixteen  times  the  thickness  of  plate  is  sufficient,  and  will  give  ^ 
better  work. 
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Tlie  author's  rules  for  the  use  of  lattice  bars  are  simple  and  practical, 
and  a  vast  imjjrovement  on  the  rules  sometimes  given,  which  to  apply 
require  more  labor  than  all  other  calculations  combined,  and  which,  in 
my  opinion,  are  utterly  worthless  in  theory,  and  result  in  great  waste 
of  material.  Lattice  bars  should  be  heavy  enough  to  protect  the  mem- 
ber from  injury  in  handling,  but  I  am  satisfied  small  sizes  are  sufficient 
after  the  member  is  once  in  position.  Several  years  ago  I  witnessed  an 
experiment  at  the  works  of  the  Louisville  Bridge  and  Iron  Company 
on  a  post  consisting  of  two  channels  connected  by  light  lattice  bars.  I 
have  not  a  record  of  the  test  conveniently  at  hand;  but,  quoting  from 
memory,  the  post  began  to  fail  about  axis  through  center  of  web  at  a 
stress  somewhat  in  excess  of  formula  requirements,  and  recovered  on 
removal  of  pressure.  After  repeating  this  three  or  four  times,  with 
about  the  same  result,  it  Avas  decided  to  try  the  effect  of  lattice  bars. 
At  first  one  or  two  were  knocked  off,  and  the  pressure  was  applied  with- 
out change  in  result;  and  this  was  repeated,  removing  additional  bars 
at  random  after  each  trial,  until  wide  and  irregular  gaps  were  left 
between  flange  supports,  and  at  last  the  post  was  destroyed  by  buck- 
ling of  flange.  My  rule  has  been  to  j^rovide  lattice  bars  as  follows: 
2i  by  §  for  |-inch  rivets;  2  by  /\j  for  f-inch  rivets;  Ij  by  i  for  f-inch 
rivets;  and  1^  by  i  for  ^-inch  rivets;  which  is  believed  to  be  good 
practice. 

The  rule  given  by  the  author  for  the  length  of  the  tie-plates  at  the 
ends  of  compression  members — using  the  ordinary  bearing  and  shear- 
ing values  of  rivets — results  in  extremely  long  plates.  These  not  only 
add  quite  materially  to  the  cost  of  structure,  but  are  troublesome  to 
paint.  I  believe  a  good  rule  is  to  make  the  length  of  connecting  jilates 
equal  to  the  depth  of  member,  and  I  have  no  evidence  that  longer  plates 
are  of  any  advantage. 

The  author  makes  no  allowance  for  the  web  in  the  calculation  of  the 
flange  sections  of  plate  girders.  I  think  one-sixth  of  web  should  be 
counted  as  flange  area  in  each  flange.  It  is  undoubtedly  efi'ective  to 
this  extent,  and  not  to  consider  it  is  discriminating  in  favor  of  lattice 
girders,  which,  in  my  opinion,  are  much  inferior.  In  such  girders  the 
connection  of  elastic  web  members  to  comparatively  inelastic  chords 
necessarily  gives  very  unequal  stresses  on  the  rivets,  of  which  there  is 
usually  a  deficiency  at  best. 

The  author  remarks  that  the  gain  from  the  consideration  of  web  is 
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Tery  small;  but  as  it  amounts  to  about  $2.50  per  lineal  foot  for  liis 
double-track  bridges,  it  seems  to  me  quite  an  important  matter. 

The  author  specifies  that  the  flanges  of  plate  girders  exceeding  12 
inches  in  width  shall  have  at  least  4  lines  of  rivets.  I  do  not  think  it 
advisable  to  use  more  than  2  lines  of  rivets  under  any  circumstances. 
There  is  usually  no  difficulty,  however,  in  limiting  the  width  to  12 
inches.  I  think  the  compressed  flange  of  beams  and  girders  should  be 
computed  by  Rankine's  formula,  as  given  by  the  author,  excej^t  I  would 
use  a  constant  niimerator,  the  resiilting  working  stress  not  to  exceed  the 
amount  given  by  Launhardt's  formula. 

To  simi)lify  calculation,  and  to  allow  for  the  use  of  tables,  which  are 
of  the  greatest  assistance  in  desigu,  I  think  the  shearing  and  bearing 
values  of  rivets  in  plate  girders  should  be  constant,  and  that  an  allow- 
ance of  7  500  pounds  per  square  inch  for  shearing,  and  15  000  pounds 
per  square  inch  for  diametrical  bearing,  will  give  good  results.  As  the 
rivets  in  all  probability  are  rarely  ever  subjected  to  any  shearing,  or 
bearing  either — the  friction  between  the  plates  due  to  the  contraction  of 
the  rivets  in  cooling,  being,  by  various  authorities,  more  than  sufficient 
to  jjrevent  it — I  do  not  think  any  great  fineness  of  calculation  neces- 
sary. It  is  not  usually  considered  good  practice  to  rely  to  any  great 
extent  uijon  friction,  but  it  nevertheless  exerts  a  very  large  force  in 
favor  of  stability;  and  at  least  one  very  high  authority  thinks  we  are 
justified  in  making  use  of  it  if  necessary. 

The  distribution  of  rivets  as  specified  does  not  difi'er  materially  from 
ordinary  practice,  but  does  not  appear  to  have  been  observed  closely  in 
the  standard  plans  of  the  Pennsylvania  Railroad;  for  instance,  on  stand- 
ard plan  of  75-foot  girders  the  flange  angles  are  connected  to  the  web  by 
2  rows  of  J-inch  rivets  staggered,  the  rows  having  a  pitch  of  4  inches  and 
8  inches  respectively.  The  flange  plates  and  angles  are  connected  by  4 
rows  of  S-inch  rivets,  2  rows  having  a  pitch  of  4  inches,  the  other  2  a 
pitch  of  8  inches.  On  standard  plan  of  44-foot  girders,  a  12-inch  top 
plate  has  4  rows  of  J-inch  rivets  pitched  2  inches  transversely.  The 
number  of  rivet^  provided  in  these  girders  appears  to  be  much  in  excess 
of  specification  requirements.  Rivet  holes  are  a  source  of  weakness, 
and  an  excessive  use  of  rivets  not  only  adds  largely  to  the  cost  of  work, 
but  in  my  opinion  is  a  material  injury  to  the  girder. 

I  do  not  agree  with  the  author  on  his  theory  of  the  stresses  in  the 
webs  of  plate  girders,  nor  see  how  it  can  possibly  be  true  unless  the 
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web  is  disconuectecl  between  the  lines  of  his  principal  stresses.  I  am 
satisfied  that  the  theory  of  Professor  Rankine  and  others  is  nearly  cor- 
rect. It  is  quite  clear  that  in  a  girder  in  which  the  great  mass  of  the 
material  is  concentrated  in  the  flanges,  the  intensity  of  the  shearing 
force  is  jiractically  constant  throughout  the  depth  of  the  web,  and  that 
all  the  forces  acting  on  any  material  particle  can  be  resolved  into  two 
forces,  one  of  tension  and  the  other  of  compression,  acting  at  angles  of 
45  degrees  with  the  neutral  axis.  It  is  not  so  clear  at  first  glance  that 
the  intensity  of  this  shearing  force,  horizontally,  vertically  and  diagon- 

F- 

ally  =  -7-  per  foot  run,  in  which  i^  equals  the  shear  and  h  the  effective 

depth  in  feet;  but  the  consideration  of  a  lattice  girder  makes  this  quite 

clear.     Suppose  a  lattice  girder  loaded  uniformly,  and  having  struts  and 

ties  one  foot  apart  horizontally,  and  inclined  at  angles  of  45  degrees 

with  the  neutral  axis.     Let  N  equal  the  number  of  systems  of  bracing, 

F 
then  -^equals  the  average  shear  on  each  brace;  but  if  the  braces  are 

of  uniform  thickness,  like  the  web  of  a  girder,  the  width  of  each  brace 

is  equal  to —r=  and  the  shear  per  lineal  foot  of  width  of  brace  equals 
V  2 

F  X  1/^ 

. —      ^ but  as  the  braces  are  inclined   at  angles  of  45  degrees,  the 

Jv 

/—  2  F 

stress  on  brace  equals  shear  x  y  2  equals  -j=r  per  foot  run  of  widths 

and  as  the  braces  are  1  foot  apart  horizontally  and  vertically  .A^=2  h, 
therefore  the  tension  per  foot  run  equals  compression  per  foot  run  equals 

F 

-y- which  agrees  with  Eankine's  theory.      The   distortion  of  the   web 

under  a  load  is  such  as  would  be  produced  by  stresses  of  both  ten- 
sion and  compression  acting  at  angles  of  45  degrees,  and  with  com- 
pressive forces  conveniently  at  hand  it  does  not  appear  reasonable 
that  the  tensile  forces  will  go  out  of  their  way  in  search  of  stiffeners 
upon  which  to  act.  Examjjles  are  on  record  which  show  that  girders 
sometimes  give  way  by  failure  of  the  web.  The  following  are  taken 
from  Professor  Unwin's  Treatise  on  Iron  Bridges  and  Roofs. 

In  the  sixteenth  experiment  preliminary  to  the  construction  of  the 
Conway  and  Menai  Tubiilar  Bridges,  the  weakness  of  the  web  was  mani- 
fest, the  sides  buckling  very  much  near  the  ends,  the  ridge  being  in- 
clined to  an  angle  of  45  degrees,  as  theory  would  dictate.     In  the  thir- 
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tieth  experiment  a  tube  failed  in  a  similar  manner.  In  the  fiftieth  ex- 
periment on  a  66-foot  girder,  10  feet  deep,  the  web  began  to  buckle  with 
110  tons,  and  collapsed  with  165  tons.  In  the  second  experiment  on  the 
model  of  the  Britannia  Bridge,  the  weakness  of  the  sides  to  resist  thrust 
led  to  the  failure  of  the  girder;  the  sides  being  thrown  into  diagonal 
waves  of  puckering;  it  would  seem  therefore  that  the  compressive 
stresses  in  the  webs  of  girders  are  not  imaginary. 

Although  I  believe  Rankine's  theory  to  be  about  correct,  I  do  not 
think  it  necessary  to  make  so  much  provision  to  meet  the  compressive 
stresses  as  he  recommends.  Stoney  shows  that  a  very  small  force  aj)- 
jjlied  at  right  angles  to  the  line  of  stress  is  suificient  to  keep  a  long  strut 
in  line.  The  moment  the  com^jressive  forces  deflect  the  web,  the  op- 
IDOsite  tensile  forces  exert  a  powerful  influence  to  bring  it  back,  these 
forces  being  applied  at  every  point  of  its  length.  In  addition  to  this,  the 
flanges  resist  to  a  considerable  extent  any  tendency  to  buckle  in  diagonal 
lines,  so  that  altogether  it  is  not  surprising  that  a  very  thin  web  will 
withstand  the  compressive  shearing  stresses  safely. 

In  the  designs  of  plate  girders  I  have  usually  considered  the  length 
of  web  strut  equal  to  the  clear  depth  between  flange  angles,  which  I 
believe  to  give  ample  provision  against  buckling,  and  the  stiflfeners  re- 
quired by  this  rule  are  within  the  limits  of  ordinary  practice.  Stiflfen- 
ers at  a  distance  apart  much  exceeding  the  dei^th  of  girder,  I  consider 
useless,  except  to  assist  in  straightening  the  web  if  kinked. 

Girders  formed  with  web  and  angles  alone  are  prohibited.  Such 
girders  for  short  sjians,  such  as  track  stringers,  I  consider  desirable. 
They  aflford  a  better  bearing  for  cross-ties  than  does  a  top  plate  with  its 
lines  of  rivets,  and  greatly  simplify  framing.  So  far  as  I  have  ever 
heard,  they  do  their  work  well.  I  think  -^  preferable  to  J  inch  as  a 
minimum  limit  for  the  thickness  of  webs  in  plate  girders.  The  latter 
limit  frequently  necessitates  considerable  waste  in  material. 

The  author  specifies  that  all  truss  bridges  are  to  be  cambered  with  a 
rise  of  not  less  than  ttjitt  of  their  length.  I  am  in  doubt  whether  he 
means  permanent  or  figured  camber;  but,  be  this  as  it  may,  it  appears 
to  me  that  a  rule  based  on  the  length  of  span  only  is  defective.  The 
amount  of  camber  evidently  should  be  equal  to  the  deflection  under  a 
fnll  load,  plus  set,  that  the  chords  may  be  straight  and  square  bearing 
■when  subjected  to  a  maximum  stress.  The  general  formula  for  the  de- 
flection of  beams  supported  at  the  ends  and  uniformly  loaded,  when  ap- 
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plied  to  open  web-girders,  may  be  reduced  approximately  to  the  form 
l^  s 


d 


Ch- 


in which 


d  =  deflection  in  inches  due  to  dead  and  live  load. 
I  =  length  of  span  in  feet. 
h  =  depth  of  truss  in  feet. 

s  =  mean  stress  per  square  inch  in  chords  in  tons  of  2  000  ijounds. 

G  =  &  constant. 

6  tC  S  I 

Mohr's  formula  for  deflection  is  as  follows:  d  —  — =— ,  in  which 

u  =  stress  in  member  due  to  1  pound  weight  at  center  of  bridge. 

s  =  stress  per  square  inch  in  member  when  bridge  is  fully  loaded. 

I  -.=  length  of  member. 
E  =  modulus  of  elasticity  of  member. 

This  formula  is  supposed  to  give  reliable  results,  and  some  actual  re- 
corded deflections  certainly  agree  very  closely  with  it.  It  is,  however, 
troublesome  to  work,  or  requires  more  time  than  a  busy  bridge-engineer 
is  often  able  to  devote  to  it. 

The  formula  first  given  is  simple  and  easily  worked.  The  value  of  C 
should  be  determined  by  comparing  calculated  and  observed  deflections, 
but  for  the  want  of  a  sufiicient  number  of  recorded  examples  it  has  been 
obtained  by  Mohr's  formula  in  the  following  cases: 


Name  of  Bkidge- 

Truss. 

Mat'l. 

I 

h 

d 

I 
h 

4.0 
5.8 
6.0 
7.9 
7.5 
7.9 
9.3 

I 
d 

s 

C 

Little  River 

Est 

Pratt 

Whipple  . 
Warren.  .  . 
Whipple. . 

Warren . . . 

Iron . . . 

Steel  '  \ 

99 
150 
196 
246 
376 
515 
522 

24.5 
26.0 
32.5 
31.0 
50  0 
65.0 
56.0 

0.882 
1.578 
1.801 
2.427 
5.931 
8.592 
9.826 

1  347 
1  141 

1  306 

1  205 

761 

719 

638 

4.20 
4.36 
4.43 
4.15 
6.95 
6.96 
6.73 

1  904 

2  392 

Tar  Kiver  

Henderson 

Susquehanna  .  .  . 

Henderson 

2  906 

3  333 
3  313 
3  306 
3  331 

It  will  be  observed  that  the  value  of  G  is  nearly  constant  for  spans 
between  246  and  522  feet,  but  falls  oft'  quite  rapidly  and  uniformly  for 
spans  under  246  feet.  Why  it  should  do  this  I  will  not  undertake  to 
say,  but  assuming  Mohr's  formula  to  be  correct,  and  allowing  10  i^er 
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cent,  for  set,  practically  the  same  results  may  be  obtained  by  formula 
d  =   zpy  by  substituting  for  C  the  following  values : 

Spans  up  to  250  feet,  C=     900+8.4  span, 
over  250  feet,  C  =  3  000. 

As  this  formula  considers  all  the  conditions,  it  is  thought  to  be  an 
improvement  on  the  author's  rule. 

The  author  makes  no  greater  provision  for  wind  bracing  than  is 
made  by  many  other  engineers  and  much  less  than  is  made  by  some, 
nevertheless  I  have  reason  to  believe  that  much  material  and  money  is 
being  wasted  in  this  direction.  Up  to  about  ten  years  ago  it  was  not 
customary  for  bridge-builders  in  this  country  to  figure  wind  bracing 
at  all,  but  rods  were  i^ut  in  of  such  size  as  was  thought  to  be  suffi- 
cient, ranging  from  1-inch  diameter,  for  spans  of  150  feet  and  under, 
to  2-inches  diameter  for  spans  of  400  feet;  or,  say,  about  one-third 
average  present  requii-ements.  These  rods  were  frequently  connected 
with  the  trusses  in  an  insecure  manner,  usually  at  a  considerable  dis- 
tance above  or  below  the  pin,  developing  large  eccentric  stresses,  and 
often  were  ineflfective,  having  nothing  apparently  to  pull  against,  and 
these  latter  defects  are  also  frequently  found  in  much  later  designs. 
Thousands  of  these  old  and  defective  bridges  are  standing  to-day;  many 
have  been  taken  down  or  strengthened  on  account  of  increased  rolling 
loads;  but  very  few  have  been  blown  down;  and  I  know  of  no  well 
authenticated  instance  of  failure  on  account  of  insufficient  strength  of 
the  lateral  rods.  Howe  bridges  have  been  blown  down  more  frequently, 
but  when  we  consider  that  they  rarely  ever  have  any  portal  bracing,  or 
any  provision  for  holding  them  up  except  the  resistance  at  the  joints  of 
the  lateral  systems,  which  would  hardly  be  considered  in  calculation; 
and  the  resistance  of  each  truss  to  overturning  about  its  own  base,  which 
does  not  cut  a  very  large  figure  in  calculation,  it  is  not  surprising  that 
they  occasionally  topple  over;  this,  however,  is  the  exception,  even 
when  inclosed,  exposing  a  full  broadside  to  the  action  of  the  wind. 
Probably  not  one  bridge  in  ten  thousand  is  ever  exposed  to  one-half 
of  the  force  of  wind  that  the  specification  considers.  If  the  same  rules 
were  applied  to  buildings  that  are  undertaken  to  be  aj^plied  to  bridges, 
but  few  could  afford  to  build,  and  no  contractor  who  would  truly  design 
and  compete  for  such  a  building  could  hope  to  get  a  contract.  The 
engineer  who  has  had  occasion  to  examine  the  exceedingly  flimsy  char- 
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acter  of  the  great  majority  of  iron  bixildings  designed  for  mills  and 
factories  throughout  the  country,  will  readily  admit  that  they  are  not  in 
a  condition  to  safely  withstand  any  great  amount  of  wind. 

These  insecure  buildings,  except  in  rare  cases,  appear  to  stand  year 
after  year  without  apparently  any  well-defined  reason  why  they  should, 
and  it  can  hardly  be  claimed  that  human  life  is  any  more  endangered 
by  an  insecure  bridge  than  by  an  insecure  mill  in  which  hundreds  of 
men  are  emjjloyed.  These  remarks  are  not  offered  as  an  apology  for 
light  and  insecure  work,  for  I  would  not  be  guilty  of  constructing  it, 
and  would  freely  condemn  it  wherever  seen,  but  to  call  attention  to 
what  I  believe  to  be  a  fact,  that  the  danger  to  a  bridge  from  wind  pres- 
sure is  much  over-estimated. 

Having  intimated  that  the  old  bridges  cited  would  fail  under  a  wind 
pressure  much  less  than  that  specified,  it  remains  to  prove  that  modern 
bridges  would  share  the  same  fate  notwithstanding  the  superfluous 
strength  of  the  lateral  systems.  We  will  take  as  an  average  case  the 
following  examiDle  of  a  through  bridge,  Whij^ple  truss: 

Span,  201  feet  10|  inches  center  to  center  of  end  pins,  11  panels. 

Depth,  32    "0         "         "  "  chords,  20  feet  clear. 

Width,  17    "      9         "         "  "  trusses,  16  " 

Dead  load,  1  400  pounds  per  lineal  foot. 

■p  ,,.       ,      1 j  2-80.6-ton  consolidation  engines  followed 

itoiimg  loaa  _  I      ^y  2  240  pounds  per  lineal  foot. 

Bridges  unloaded,  wind  50  pounds  per  square  foot,  as  per  specification. 
Horizontal  force  at  top  of  end  brace  22  340  pounds. 
Bending  moment  on  end  brace  270  314  pounds. 

The  fiber  stress  on  end  braces  at  bottom  portal  strut  will  be  as 
follows  : 

From  portal  bracing 20  800  pounds  per  square  inch. 

"     overturning  tendency,    1240       "  "  *' 

"     dead  load 1980       " 

Total 24  020       " 

24  020  +  6110  =  3.93  times  the  allowed  stress  for  vertical 
loading. 

The  following  table  shows  the  condition  of  the  bottom  chord  of  the 
■windward  truss. 
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Tession. 

COMPKESSION. 

Force  per 

Square   Foot 

Pasel. 

Dead  Load. 

From 
Bottom 

From 
Overiiiruing 

Total. 

Resulting 
Stress. 

Required    to 
Collapse. 

Laterals. 

Tendency. 

First 

36  800 

38  100 

23  100 

61200 

24  400 

30.0 

Second .  . 

36  800 

68  600 

28  100 

91700 

54  900 

20.1 

Third . .  . 

52  900 

91  500 

23  100 

114  600 

61700 

23.2 

Fourth  . . 

79  700 

106  700 

23  100 

129  800 

50100 

80.7 

Fifth.... 

97  100 

114  300 

23  100 

137  400 

40  300 

35.3 

Center  . . 

106  600 

114  300 

23  100 

137  400 

80  900 

38.7 

It  appears  to  me  inconsistent  to  use  for  the  wind  bracing  a  unit 
stress  of  but  1^  times  as  large  as  for  vertical  loading,  when  stresses 
3.93  as  large  are  permitted  in  the  end  braces;  also  to  consider  a  force  of 
50  pounds  per  square  foot  on  the  lateral  systems  when  a  force  of  20 
pounds  per  square  foot  will  collapse  the  structure.  If  the  track 
stringers  are  spread  wide  apart  they  will  materially  assist  the  chords  in 
resisting  reverse  stresses,  but  when  placed  under  or  near  the  rails,  as 
they  frequently  are,  but  little  reliance  can  be  placed  on  them.  A  con- 
sideration of  the  leeward  truss,  when  the  bridge  is  fully  loaded,  taking 
into  account  the  overturning  tendency  due  to  bridge  and  train,  would 
show  that  the  bottom  chord  of  that  truss  was  much  overstrained. 
Although  the  above  showing  is  bad  enough,  it  would  be  much  worse  for 
a  deck  bridge,  as  the  distance  between  trusses  would  be  less  and  the 
surface  exposed  to  the  wind  at  top  much  greater  than  in  the  case  con- 
sidered. It  is  true  that  the  author  provided  for  these  contingencies  in 
his  specification,  but  they  are  not  provided  for  in  practice,  nor  can  they 
be  until  the  present  style  of  bridge-building  is  materially  changed. 

It  is  not  ijrobable  that  a  train  will  be  running  at  a  maximum  sj^eed 
when  exposed  to  a  maximum  wind,  or  when  the  wind  alone  is  sufficient 
to  upset  an  ordinary  passenger  car;  for  this  reason  I  do  not  consider  it 
necessary  to  add  to  the  strength  of  the  lateral  systems  on  account  of 
centrifugal  force. 

In  all  cases  where  the  rods  have  adjustment,  five  tons  are  allowed  for 
initial  tension.  This  adds  quite  materially  to  the  cost  of  a  bridge,  and 
does  not  appear  to  me  necessary.  Wind  stresses  and  initial  stresses  are 
opposed  to  each  other.  The  bottom  lateral-rods  of  a  bridge  are  not 
adjusted  until  after  the  span  is  swung.     The  bottom  chords  are  pulled 
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straight  by  virtue  of  the  tension  in  them,  and  in  adjusting  the  rods 
there  is  no  good  reason  why  those  crossing  each  other  in  the  same  panel 
should  not  have  about  equal  tension;  and  the  initial  tension  on  one  rod 
is  held  in  by  the  rod  in  the  opposite  direction.  When  the  wind  stress 
comes  on  it  is  evident  that  its  first  effect  is  to  relieve  the  rod  opposed  to 
the  transmission  of  shearing  stress  to  the  supports,  and  when  the  wind 
stress  exceeds  the  initial  stress  the  latter  disappears.  The  top-chord 
sections  are  faced  squarely,  and  their  natural  position  is  straight, 
and  a  less  force  is  required  to  hold  them  in  this  position  than  in  any 
other. 

If  it  is  found  necessary  to  screw  up  the  rods  too  tightly  during  the 
process  of  lining  up,  if  not  found  relieved,  they  should  be  relieved 
before  final  adjustment;  but  as  the  top  chord  is  less  flexible  than  the 
bottom,  it  is  quite  probable  that  some  rods  will  have  more  stress  than 
the  corresponding  ones  in  the  opposite  direction;  but  in  this  case,  only 
the  difference  in  initial  stress  can  be  added  to  the  wind  stress.  So  far 
for  all  practical  purj^oses  I  do  not  think  it  necessary  to  make  any  allow- 
ance for  initial  stress,  except  when  in  excess  of  wind  stress. 

The  specification  requires  that  eye-bars  when  tested  to  destruction 
shall  always  break  through  the  body.  I  do  not  think  any  manufacturer 
has  yet  succeeded  in  making  iron  eye-bars  that  will  invariably  do  this, 
and  so  long  as  the  bars  have  the  requisite  strength,  it  appears  to  me  a 
matter  of  little  consequence  where  they  break. 

With  the  exceptions  noted,  I  have  no  objections  to  offer  to  the 
author's  specification,  and  it  certainly  contains  many  good  provisions. 

Geo.  H.  Pegeam,  M.  Am.  Soc.'C.  E. — A  great  deal  maybe  said  on 
Mr.  Wilson's  very  interesting  paper.  No  subject  is  more  fruitful  of  dis- 
cussion, and  it  is  fair  to  expect  that  much  difference  of  opinion  will  be 
developed,  and  to  predict  a  long  step  in  advance  in  this  most  important 
matter  of  bridge  specifications. 

In  keeping  with  the  thoroughness  with  which  Mr.  Wilson  has  treated 
the  subject,  I  have  confined  myself  to  the  question  of  live  load,  in 
which,  I  think,  some  improvement  can  be  made. 

The  custom  of  using  two  engines,  followed  by  a  train  of  uniform 
weight  per  foot,  has  been  quite  universal  for  some  time.  Mr.  Wilson 
now,  very  properly,  proposes  three  types  of  engines,  because  either  may 
produce  the  maximum  strain,  according  to  the  span  and  panel  lengths. 
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But  the  amount  of  work  necessary  to  produce  the  strain  sheet  is  greatly 
increased,  and  where  a  bidder  is  required  to  make  a  dozen  bids  to  each 
contract  that  he  secures,  all  accompanied  by  complete  strain  sheets,  the 
question  of  calculation  becomes  a  serious  one. 

The  direct  use  of  the  engine-loading  in  any  case  involves  a  deal  of 
work,  is  often  inexact,  and,  it  seems  to  me,  rather  unscientific. 

Some  years  ago  the  usual  loading  was  a  uniform  weight  per  foot  of 
sj^an  for  chord  strains,  and  the  same  load  headed  by  one  or  two  engine 
excesses  for  web  members.  The  uniform  load  was  sometimes  varied, 
according  to  the  length  of  span,  but  the  variation  was  rather  arbitrary 
and  could  not  well  be  made  to  include  the  effects  of  driving-wheel 
concentrations  of  engines ;  the  resort  to  the  engine-loading  would 
seem  very  natural  and  justifiable,  but  it  is  in  some  respects  very 
objectionable.  The  labor  of  calciilation  could  not  be  made  greater. 
If  the  results  represented  the  maxima  for  other  engines,  or  for 
the  same  engines  in  other  positions  (head  to  head  for  instance),  there 
might  be  some  satisfaction,  but  they  do  not.  To  illustrate:  The  centers 
of  gravity  of  two  engines,  as  commonly  specified,  are  about  50  feet 
apart,  consequently  for  25-foot  panels  the  maxima  concentrations  will 
occur  at  alternate  panel  points,  and  therefore  on  the  same  web  system 
of  a  Whipple  truss;  but  if  the  iianels  are  17  feet,  the  maximum  concen- 
trations will  be  three  panels  apart,  and  therefore  on  different  systems, 
and  will  not  secure  the  maxima  strains.  Another  evil  to  which  engine- 
loading  subjects  us,  is  the  variety  of  engines  used,  differing  so  little  as 
not  to  materially  affect  results,  but  still  necessitating  special  calcula- 
tions. I  believe  the  assumed  loading  should  be  rather  excessive.  In 
that  case  there  would  be  less  reason  for  such  variety.  The  difference  in 
weights  of  bridges  proportioned  for  the  lightest  and  heaviest  loading 
now  specified  is  only  about  10  per  cent. ,  and  with  the  train  weights 
constantly  increasing,  a  little  excess  strength  should  not  be  objec- 
tionable. 

The  nearest  approach  to  a  uniform  load  will  best  approximate  the 
various  engines  and  panel  lengths,  and  afford  the  greatest  facility  of 
calculation. 

This  loading  should  be  modified  to  produce  the  effects  of  engine 
concentrations,  and  the  actual  engine  loads  should  be  the  basis. 

As  fulfilling  these  conditions,  I  Avould  submit  the  following  specifi- 
cation as  an  equivalent  of  the  loadings  given  in  Mr.  Wilson's  paper, 
viz.: 
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The  live  load  on  each  track  to  be  assumed  in  calculation,  shall  con- 
sist of  a  uniform  load  of  2  900  pounds  per  foot,  together  with  a  concen- 
trated load  of  25  000  pounds,  the  two  to  be  combined  in  a  way  to  give 
the  maxima  strains  in  all  parts  of  the  bridge. 

A  concentrated  load  passing  over  the  length  of  the  span  is  equivalent 
to  a  uniformly  distributed  load  of  double  the  amount;  consequently, 
girders  and  the  chords  of  trusses  would  be  calculated  for  a  uniform  load  of 


2  900 +  -5^  (where  S. 


:  the  span)  per  foot  of  track.    The  web  strains 


in  trusses  would  be  determined  by  adding  25  000  pounds  to  the  common 
panel  load  at  the  end  of  the  uniform  load.  This,  of  course,  presumes  that 
the  uniform  load  shall  extend  over  the  panel  in  front  of  the  concentrated 
load,  and  that  the  half-panel  load  at  the  advance  panel  point  shall  be 
neglected^similar  to  present  custom. 

The  following  diagrams,  showing  the  loadings  taken  from  Mr.  Wil- 
son's paper,  and  the  proposed  loading,  are  introduced  here  for  ready 
reference. 
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Proposed  Loading  (as  equivalent  of  the  above). 

The  following  table  gives  the  equivalent  uniform  loads  for  the  sev- 
eral engines,  obtained  by  moving  the  engines  on  the  span  to  secure  the 
maximum  moment. 

Equivalent  Unifgrm  Load  pee  Foot  of  Track  for  Girder  Bridges. 


Span 
in  Feet. 

! 

1 

Engine. 

For  Middle 
Moment. 

For  Moment 

10  Feet  from 

End. 

2  900  +  =»f 

8 

Passenger 

10  000 

8  500 

9  150 

8 

ilie^iAC'2aSS.  A/. . .  . 

9  150 

8 

Consolidation 

6  000 

9  150 

10 

Passenger 

8  000 
6  480 

7  900 

10 

M<»giriC^«S. /)/■... 

7  900 

10 

Consolidation 

5  280 

7  900 

12 

Passenger 

G667 

7  070 

12 

Consolidation 

5  667 

7  070 

12 

6  000 

7  070 

15 
15 
15 

Passenger  y, 

Consoliaatio|i . ....... 

5  333 
5  933 

5  760 

6  233 
6  233 
6  233 

18 

5  670 

5  677 

18 

Consolidation ........ 

5  333 

5  677 

20 

^M«g«i.^^ZL^./^ 

5  460 



5  400 

20 
30 

Consolidation. . .  .^. . . 

5  280 
4  410 

5  4(10 
4  567 

30 

Consoliclation 

4  480 

4  560 

4  567 

40 

i< 

4  070 

4  134 

4  150 

50 

<< 

3  712 

3  940 

3  900 

60 

<i 

3  547 

3  760 

3  733 

70 

<( 

3  438 

3  633 

3  615 

80 

<( 

3  370 

3  543 

3  545 
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The  8-foot  span  is  so  exceptionally  short,  that  it  is  felt  that  the  dififer- 
ence  of  8  J  per  cent,  may  be  disregarded. 

In  trusses,  the  panel  length  exercises  such  an  influence  on  the  strains 
that  it  was  thought  best  to  work  out  complete  strain  sheets.  This  has 
been  done  for  a  sufficient  variety  of  conditions  to  show  the  general 
api^lication  of  the  loading  proposed. 

The  class  M  loading  was  found  so  much  below  the  others  in  the 
cases  considered,  that  its  results  will  not  be  given. 

The  Pratt  (single  intersection)  and  Whipple  (double  intersection) 
trusses  were  taken. 

The  strains  are  given  for  chords,  end-posts  and  ties.  For  conveni- 
ence of  reference,  the  two  end-chord  panels  (in  which  the  strain  is  the 
same)  are  No.  1,  the  third  panel  2,  etc.  The  end-post  is  0,  the  hip- 
suspender  1,  the  first  inclined  tie  2,  etc. 

The  dead  load  is  included  in  order  to  give  total  strains.  It  will  be 
understood  that  the  loading  given  is  for  one  track,  while  the  strains  are 
for  one  truss,  and  therefore  due  to  half  the  load. 


Case  1. — Pratt.     150-foot  span  in  9  panels  of  16  feet  8  inches. 
25  feet.     Total  dead  load,  216,000  pounds. 


Depth, 


Chord  Strains. 

Web  Strains. 

Passenger. 

Consolidat'n 

Proposed. 

Passenger. 

Consolidat'n 

Proposed. 

0 

184  100 

187  800 

186  930 

1 

106  400 

104  400 

103  824 

45  700 

48  500 

46  666 

2 

181  640 

176  400 

181  692 

146  280 

145  600 

145  176 

3 

229  540 

225  800 

233  604 

106  800 

106  600 

106  542 

4 

258  100 

253  100 

259  560 

70  600 

70  700 

71  130 

5 

37  700 

37  900 

38  940 

6 

8  400 

8  900 

9  972 
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Case    2.— Pratt.      150-foot  span   in  6   panels   of  25  feet.     Depth,    25 
feet.     Dead  load,  216  000  pounds. 


Choed  I 

5TEAINS. 

Web  Strains. 

Consolidation. 

Proposed. 

Consolidation. 

Proposed. 

0 

204  600 

204  510 

1 

146  000 

146  062 

64  200 

66  700 

2 

228  000 

233  699 

133  000 

134  026 

3 

257  400 

262  911 

70  600 

72  100 

4 

16  600 

18  607 

Case  3. — "Whipple.      255-foot   6  inch  span  in   14  panels  of  18  feet  3 
inches.     Dej^th,  29  feet.     Total  dead  load,  591  000  pounds. 


Chord  Strains. 

1        "Web  Strains. 

Passenger. 

Consolidat'n 

Proposed. 

Passenger. 

1 

Consolidat'n 

Proposed. 

0 

382  080 

381  100 

378  506 

1 

2 

204  000 
297  700 

203  500 
297  600 

202  141 
-906  114 

56  900 
178  500 

59  100 
177  000 

60  062 
182  127 

3 

446  800 

442  000 

450  869 

204  100 

202  400 

208  768 

4 

575  800 

572  500 

575  233 

170  800 

169  4(J0 

175  132 

5 

667  200 

662  100 

668  506 

134  300 

133  300 

138  450 

6 

724  500 

719  400 

730  688 

104  200 

103  500 

107  855 

7 

754  500 

751  100 

761  779 

71  000 

70  700 

74  216 

8 



43  800 

43  800 

46  664 

9 

1   13  200 

14  000 

16  067 
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Case  4.— Whipple.  255-foot  span  in  10  panels  of  25  feet  6  inches.  Depth, 
29  feet.     Total  dead  load  =  600  000  pounds. 


Chobd  Si  bains. 

Web  Stbains. 

Consolidation. 

Proposed. 

Consolidation. 

Proposed. 

0 

1 

2 
3 

4 
5 
6 

7 

277 'l  66 
392  900 
581  400 
701  000 
756  600 

275 'l  16 

397  390 
580  801 
703  075 
764  212 

419  900 

76  200 

199  100 

229  200 

172  700 

108  500 

59  400 

2  400 

415  807 

79  475 

193  899 

224  242 

169  110 

106  409 

58  646 

3  415 

*Case  5.— "Whipple,  403-foot  9  inch-span,  in  19  panels  of  21  feet  3 
inches.     Depth,  42  feet.     Total  dead-load  =  1  560  000  pounds. 


Chord  Strains. 

Web  Strains. 

Consolidation. 

Proposed. 

Consolidation. 

Proposed. 

0 

744  464 

81900 

351  300 

402  000 

344  200 

302  600 

249  600 

210  300 

159  800 

123  000 

74  600 

40  300 

736  464 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

336  400 
493  400 
769  000 
1  012  000 
1  216  400 
1  378  300 
1  511  000 
1  595  100 
1  654  000 

333  100 

491  800 
767  600 
1  009  000 
1  211  700 
1  374  200 
1  507  800 
1  601  300 
1  655  900 

83  500 
351  700 
401  700 
346  200 
304  700 
251  600 
212  600 
161  700 
125  000 

76  400 

11 

42  000 

In  Case  3  it  will  be  observed  that  the  tie  strains  are  slightly  less  with 
the  Consolidation  than  with  the  proposed  loading,  while  in  Case  4  they 
are  greater  by  about  the  same  amount.  This  is  due  to  the  manner  in 
which  the  maxima  engine  concentrations  strike  different  truss  systems 
in  one  case  and  the  same  system  in  the  other  as  previously  explained. 

*  In  calculating  strains  for  -uniform  loads,  it  is  not  necessary  to  separate  the  systems 
except  when  the  number  of  panels  is  odd. 


DISCUSSIOJf   ON   STRENGTH   OF   IRON   BRIDGES.  481 

The  i^roposed  loading  is  submitted  simply  as  an  equivalent  to 
those  given  in  the  paper  under  discussion,  and  to  illustrate  the  fact 
that  a  variety  of  engine  and  train  loads  may  be  represented  by  a  uniform 
load  in  combination  with  a  single  concentrated  load. 

As  a  standard  loading,  I  would  suggest  making  the  imiform  load 
3  000  pounds,  and  the  concentrated  load  30  000  pounds.  This  will  cover 
an  increase  in  the  engine-loading  which  will  probably  take  place  at  no 
distant  day. 

The  Baldwin  Locomotive  Works  build  a  Decaj^od  locomotive,  as 
it  is  called,  which  is  heavier  than  any  given  in  the  paj^er.  It  has  five 
pairs  of  driving  wheels  on  a  base  of  17  feet,  with  25  600  pounds  on  each 
pair,  16  000  pounds  on  the  pair  of  truck -wheels,  and  20,000  pounds  on 
each  of  the  four  pairs  of  tender-wheels. 

This  engine  is  designed  for  mountain  service,  and  may  not  come  into 
general  use.  These  engines  would  produce  slightly  greater  strains  than 
the  suggested  loading,  but  not  enough,  it  is  thought,  to  be  taken  into 
account  until  their  use  becomes  very  general.  The  difference  would  be 
greatest  in  some  girder  spans  where  the  customary  percentage  added 
for  impact  would  be  excessive  on  account  of  their  slow  speed,  and  thus 
tend  to  equate  the  loads. 

C.  C.  ScHNETDEB,  M.  Am.  Soc.  C.  E. — I  have  read  Mr.  Wilson's  paper 
with  great  interest,  and  consider  it  a  valuable  contribution  to  the  pro- 
fession. 

Mr.  Wilson  has  departed  from  the  usual  specifications,  by  using  a 
modification  of  Weyrauch's  formula  for  reducing  the  permissible  unit 
stresses,  and  thus  increasing  the  sections  for  impact.  I  have  of  later 
years  used  a  similar  formula  for  the  same  object.  Not  that  I  believe  in 
the  correctness  of  the  formulas  of  Launhardt  and  Weyrauch  as  deducted 
from  Wohler's  experiments,  but  as  a  convenient  emjjirical  method  of  in- 
creasing the  sections  for  impact  in  proportion  of  the  ratio  of  dead  to 
live  load. 

There  are  a  few  points,  however,  in  Mr.  Wilson's  specifications,  on 
which  I  hold  different  views. 

Like  most  other  specifications,  Mr.  Wilson's  gives  three  formulas;  or 
rather,  one  formula  with  three  different  coefllcients  in  the  denominator 
for  compression  members,  distinguishing  fixed  ends  and  hinged  ends. 

I  have  for  several  years  past  used  only  one  formula  for  all  compres- 
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sion  members,  regardless  of  their  end  connections,  employing  tlie  one 
Avhich  is  on  the  side  of  safety,  viz.,  that  which  applies  to  struts  with 
hinged  ends. 

A  compression  member  in  a  structure  is  not  in  the  same  condition  as 
in  a  testing  machine;  and  while  in  a  testing  machine  the  struts  with 
fixed  ends  show  a  greater  strength  than  those  with  hinged  ends,  it  is 
different  when  the  struts  are  in  a  structure.  The  strut  with  the  ends 
fixed  in  a  testing  machine  is  carefully  adjusted,  with  the  surfaces  press- 
ing against  its  ends  exactly  parallel  and  at  right  angles  to  the  axis  of  the 
strut;  while  in  practice,  the  strut  with  fixed  ends  receives  its  pressure 
mostly  eccentric,  and  a  bending  strain  at  the  same  time.  The  conditions 
of  the  strut  with  hinged  ends  in  the  structure  come  nearer  to  those 
which  prevail  when  the  strut  is  in  a  testing  machine  than  is  the  case 
Avith  the  strut  whose  ends  are  fixed.  The  strut  with  hinged  ends  will  re- 
ceive its  direct  pressure  practically  concentric  in  the  structure  as  well  as 
in  the  testing  machine,  and  the  bending  strains,  originating  with  the 
friction  in  the  pins,  must  necessarily  be  considerably  smaller  than  in 
struts  with  fixed  ends. 

I  am  therefore  of  the  opinion  that  if  any  discrimination  is  made 
between  struts  of  different  end  connections,  it  should  be  in  favor  of  the 
hinged  ends. 

I  perceive  that  this  opinion  is  also  held  by  other  engineers.  Mr. 
Theodore  Cooper,  in  his  latest  specifications  for  highway  bridges,  uses 
only  one  co-efificient  in  the  formula  for  compression  members,  regard- 
less of  their  end  connections. 

According  to  my  experience,  this  discrimination  in  favor  of  struts 
with  fixed  ends  has  done  a  great  deal  to  encourage  contractors  to  de- 
sign details  which  must  be  considered  bad  practice,  they  taking  advan- 
tage of  the  specifications  for  the  purpose  of  saving  material. 

Mr.  Wilson  considers  compression  members  which  are  continuous 
over  points  of  support  as  hinged;  this  I  consider  a  move  in  the  right  di- 
rection. 

However,  I  fail  to  see  the  reason  why  Mr.  Wilson  follows  the  older 
specifications,  and  specifies  a  smaller  unit  strain  for  compression  than 
for  tension. 

All  experiments  prove  that  the  ultimate  strength,  as  well  as  the  elastic 
limit,  are  practically  the  same  for  compression  as  for  tension;  why  then 
not  allow  the  same  working  strain  in  both  cases  ? 
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The  usual  explanatiou  given  by  engineers  who  adhere  to  this  practice 
is  :  The  material  in  compression  members  buckles  or  crii^ples  before 
rupture  takes  place;  therefore,  for  compression  members  we  take  this 
buckling  strength  as  a  guide  to  determine  the  permissible  unit  stress, 
while  for  tension  members  we  take  the  ultimate  strength.  A  good  rule, 
however,  should  work  both  ways.  The  tension  members  are  also  crip- 
l)led  before  rupture  takes  place ;  and  in  this  respect  all  members  are 
alike.  Compression,  as  well  as  tension  members,  are  practically  crip- 
pled as  soon  as  their  fiber  strains  exceed  the  elastic  limit  of  the  material. 
I  think  we  should  be  guided  by  the  elastic  limit  of  the  material  in  de- 
termining the  permissible  stresses  more  than  by  the  ultimate  or  buck- 
ling strength;  as  in  practice  we  do  not  intend  to  reach  either,  but  we 
want  to  keep  enough  below  the  elastic  limit  to  leave  a  fair  margin  for 
defects  in  the  material  and  for  ignorance. 

I  would  also  call  attention  to  the  following  clause  in  Mr.  Wilson's 
specification:  "In  all  cases  where  the  rods  have  adjustment,  an  addi- 
tion to  the  above  stresses  of  five  tons  must  be  made  for  initial  tension." 
This  appears  to  be  inconsistent  with  the  formula  previously  given ;  as 
the  initial  tension  does  not  affect  the  maximum  stress,  but  increases 
only  the  minimum  stress  on  that  member,  and  hence  I  can  see  no  good 
reason  for  increasing  the  section  on  account  of  this  initial  strain. 

Mr.  Wilson  allows  a  variation  between  the  diameter  of  isin  and  jjin- 
hole  of  one  thirty-second  of  an  inch;  this,. in  my  opinion,  is  more  than 
should  be  allowed  in  good  practice.  I  think  the  variation  between  diam- 
eter of  pin  and  pin-hole  should  be  limited  to  one-fiftieth  of  an  inch. 

Of  the  various  existing  specifications,  the  "Erie"  specifications  may 
be  mentioned  as  among  the  most  prominent  ones.  They  were  in  exist- 
ence previous  to  most  of  those  enumerated  by  Mr.  Wilson,  have  been 
used  as  the  standard  sj)ecifications  by  many  railroads,  and  have  been 
extensively  copied  by  engineers. 

T.  C.  CiiABKE,  M.  Am.  Soc.  C.  E. — Mr.  Wilson  has  aimed  in  this 
paper  to  present  a  si^ecification  which  shall  insure  good  results.  He 
makes  one  gi'ave  mistake,  which  has  been  pointed  out,  but  which  it  will 
do  no  harm  to  call  to  his  attention  again.  He  iirescribes  methods  of 
manufacture,  and  then  demands  certain  results.  These  two  things  are 
incompatible.     Either  can  be  insisted  on,  but  not  both. 

He  makes  no  mention  of  steel  as  a  material  of  construction.     This, 


484  DISCUSSION   0"N"   STRENGTH   OF  IRON   BRIDGES. 

perhaps,  adds  to  the  dignity  of  liis  paper,  but  deprives  it  of  miicli  of  its 
present  value. 

I  am  prepared  to  state  that  the  following  things  can  be  demonstrated 
to  be  true: 

First. — Steel  can  now  be  obtained  of  a  more  uniform  and  reliable 
quality  for  bridge  construction  than  iron. 

Second. — Bessemer  steel  can  be  obtained  of  as  uniform  and  reliable 
quality  as  open-hearth  steel,  provided  the  ultimate  strength  does  not 
exceed  70  000  pounds  per  square  inch. 

During  the  last  fifteen  years,  the  principal  improvements  in  bridge 
construction  are  as  follows : 

I. — Use  of  better  materials. 

1.  Substitution  of  rolled  iron  for  cast-iron. 

2.  Substitution  of  steel  for  rolled  iron. 

3.  More  thorough  system  of  insijection. 

II. — Increasing  the  strength  of  different  parts  of  a  bridge,  in  direct 
ratio  to  the  proportions  of  live  to  dead  load,  and  to  the  direct  action  of 
live  load  upon  them. 

III. — Providing  for  wind  pressure. 

IV. — Better  connections. 

1.  Better  projjortions  of  eye-bar  heads  and  pins. 

2.  Use  of  pin  joints  at  top  and  bottom  of  end  posts. 

3.  Better  attachment  of  floor  system  to  trasses. 
V. — Improvements  in  design. 

1.  Less  depth  of  truss. 

2.  The  general  use  of  long  panels. 

Many  other  things  will  doubtless  occur  to  readers  of  this  paper. 

Jos.  M.  WrLSON,  M.  Am.  Soc.  C.  E. — Mr.  Cooper  is  somewhat  in 
error  in  assuming  that  the  paper  in  question  was  presented  for  the  sole 
purpose  of  obtaining  the  benefit  of  criticism  from  bridge  experts. 
While  criticisms  and  discussions  are  very  desirable,  and  are  welcomed 
by  me  as  tending  to  the  ultimate  of  a  standard  sjiecification  for  the 
Ameriean  bridge  engineer,  yet  my  particular  object  was  to  oflter  the 
paper  as  a  contribution  to  the  profession,  sui^i^osing  that  my  long 
practical  and  successful  experience,  which  is  hardly  as  limited  as  one 
might  be  led  to  infer  from  Mr.  Cooper's  remarks,  would  give  a  reliability 
to  my  methods  valuable  to  others  who  might  be  traveling  in  the  same 
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direction.  The  specifications  submitted  are  free  for  the  use  of  any  who 
may  desire  to  adopt  them,  either  as  they  stand  or  with  whatever  modifi- 
cation or  imi^rovement  they  may  deem  advisable,  and  I  .trust  that  they 
may  l)e  of  some  service  to  my  fellow-laborers. 

I  adopted  the  formulas  as  advocated  by  Launhardt  and  Weyrauch, 
not  because  I  believed  them  perfect  or  fully  covering  the  case,  but  be- 
cause, in  my  opinion,  they  were  an  approach  to  a  more  rational  and 
proper  method  of  considering  the  subject  than  anything  that  had  as  yet 
been  brought  to  my  notice.  I  believe  that  the  true  method  in  forming 
a  specification  of  this  kind  is  to  generalize  it  as  far  as  possible.  I  am 
glad  to  notice  that  the  interesting  nature  of  Wohler's  experiments  is  ad- 
mitted by  Mr.  Cooper,  and  their  correspondence  with  the  fatigue  to 
which  material  is  subjected  in  actual  practice.  It  is  true  they  are  some- 
what limited  in  extent,  and  it  is  to  be  regretted  that  there  are  not  more  of 
them;  but,  so  far  as  they  go,  they  lead  us  to  what  we  want,  and  I  fail  to 
see  Avhere  Mr.  Cooper  proposes  anything  better  or  more  reliable.  If  his 
great  practical  experience  or  numerous  experiments  have  produced  any- 
thing better,  I  have  not  as  yet  had  it  brought  to  my  notice.  The  re- 
sults of  the  formulas  as  given  by  me  certainly  compare  very  favorably 
Avith  the  practice  of  high  authorities,  A-arying  generally  on  the  side  of 
safety,  and  they  are  undoubtedly  more  rational  than  the  haj^hazard 
method  so  generally  adopted.  Plate  No.  XXXVII  shows  that  the  results 
are  in  harmony  with  the  practice  of  different  engineers  by  other  methods, 
hardly  any  two  of  which  agree.  And  as  to  formulas,  each  engineer  has 
his  own,  and  very  little  basis  on  Avliich  to  found  it.  Take  the  formulas, 
for  instance,  i^roposed  for  alternate  stresses  by  Mr.  Bouscaren  in  his 
criticism.  He  may  be  satisfied  with  it,  and  he  admits  that  he  adopts 
it  from  Launhardt,  but  Avhat  have  we  in  the  Avay  of  experiment  to  con- 
firm it,  except  by  comparing  it  with  what  others  adopt,  and  what 
authority  have  they  for  their  assum^jtions.  If  they  have  made  extensive 
experiments,  we  have  not  heard  of  them.  All  are  empirical,  and  my 
effort  has  been  to  use  a  general  expression  that  I  thought  would  repre- 
sent or  come  sufiiciently  near  to  the  average  of  the  best  practice,  and  at 
the  same  time  be  surely  within  the  limits  of  safety  as  known  to  us.  I  am 
confident  that  any  comparison  between  the  results  by  my  method  and 
any  of  the  old  methods,  as  advocated  by  several  of  my  critics,  will  show- 
to  the  advantage  of  my  formulas.  The  remarks  of  Mr.  Mace  Moulton 
tend  to  confirm  this.     It  is  true  that  I  have  raised  the  working  stresses 
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for  compression;  but  this,  I  believe,  is  more  in  unison  with  the  latest 
experiments,  and  many  favor  raising  them  still  higher. 

I  admit  the  desirability  of  having  regard  to  the  elastic  conditions  of 
the  material  rather  than  to  the  ultimate  strength,  and  I  believe  that  my 
specification  shows  it;  I  cannot  allow  Mr.  Cooper's  objection  concern- 
ing the  use  of  these  formulas,  that  anything  is  left  in  indefinite  shape, 
or  that  varying  interpretations  can  be  made  by  diflferent  designers. 
The  method,  on  the  contrary,  is  rigid  and  exact,  and  if  properly  fol- 
lowed, must  result  in  compelling  a  just  and  fair  competition,  and  first- 
class  work.  If  any  one  bidding  under  a  specification  fails  to  conform 
with  it  in  every  particular,  it  is  the  duty  of  the  engineer  receiving  the 
bids  to  point  it  out  and  to  insist  upon  a  compliance;  a  matter  of  no  diffi- 
culty if  he  understands  his  business  and  conscientiously  follows  it.  I 
speak  from  considerable  experience  on  this  subject.  Bidders  can  l)e 
compelled  under  this  specification  to  proportion  the  work  exactly  as  it 
is  wanted,  and  there  are  no  two  or  three  interpretations  to  be  followed. 
It  wiU  never  be  possible  to  prepare  a  si^eciflcation  on  which  an  engineer, 
ignorant  of  the  laws  of  bridge  construction,  can  obtain  true  bids  without 
expert  advice.  The  plans  should  always  be  submitted  to  an  acknowl- 
edged expert  before  adoption,  and  the  work  should  be  carried  out  under 
his  direction. 

I  presume,  as  a  fundamental  starting  point,  that  when  bids  on  a 
bridge  are  received,  the  plans,  details,  etc.,  are  examined  by  a  competent 
and  reliable  engineer,  who  not  only  has  authority  to  compel  compliance 
with  the  specifications,  but  can  also  require  projjer  and  approved  forms 
of  detail. 

My  experience  may,  jaerhaps,  have  been  somewhat  limited.  I  can 
only  say  that  it  has  been  connected  with  actual  bridge  work  for  over 
twenty  years,  during  which  time  more  than  20  miles  of  bridges  have 
been  constructed  from  my  plans  and  specifications.  Most  of  my  bridges, 
it  is  true,  have  been  built  from  my  own  designs,  but  not  all  of  them,  and 
I  have  had  to  deal  with  contractors  who  were  quite  as  ready  to  take  ad- 
vantage of  opportiinities  as  any.  In  these  dealings  I  was  entirely  satis- 
fied with  the  completeness  of  the  specifications  and  their  ability  to  cover 
the  case. 

In  regard  to  impact,  I  am  aware  that  we  do  not  have  very  much  data 
to  draw  from,  but  as  far  as  the  law  has  been  known,  I  think  it  has  been 
met.      Prof.  Kobinson  may  throw  some  light  on  the  subject,  but  if  Mr. 
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Cooper,  as  he  says,  does  ' '  not  know  with  sufficient  definiteness  the  eflfects 
of  impact  upon  a  structure  and  its  individual  members  to  formulate  any 
law,"  how  can  he  adopt  a  rule-of-thumb  method  which  will  meet  the 
case.  We  know  at  least  that  impact  is  a  function  of  the  live  load;  why 
not  then  treat  it  as  such  and  let  its  eflfects  vary  accordingly?  This  is 
surely  better  than  guessing  at  it  for  each  individual  member  of  the 
truss.  The  form  and  construction  of  any  member  certainly  has  a  large 
influence  upon  its  ability  to  resist  stress  of  any  kind,  impact  or  other- 
wise, and  it  is  best,  that  after  we  decide  what  stresses  come  upon  these 
members,  we  should  consider  this  question  of  form  and  also  the  mode  of 
construction  of  the  member,  the  number  and  disposition  of  its  parts, 
rivets,  etc. ,  all  of  which  is  taken  care  of  in  its  proper  place. 

The  reason  why  girders  formed  with  web  plates  and  angles  only, 
having  no  upper  flange-plate  proper,  are  not  allowed,  is  largely  a  practi- 
cal one.  The  upper  web  plate  is  a  great  protection  against  the  weather, 
or  the  admission  of  water,  charged,  perhaps,  with  sulphurous  or  sul- 
phuric acid,  to  the  joints  of  the  iron.  In  addition  to  this  the  plate 
stiftens  the  angles  on  o^jposite  sides  of  the  Aveb  very  materially,  making 
them  act  more  thoroughly  together. 

In  my  criticism  on  Mr.  Cooper's  article  ' '  on  the  rules  for  pitch  of 
rivets  and  thickness  of  web  "  in  riveted  plate  girders,  I  merely  give  the 
example  as  an  instance  of  how  a  strict  rendering  of  Mr.  Cooper's  rule 
would  operate.  I  did  not  mean  to  infer  that  Mr.  Cooper  would  really 
place  the  stifi'eners  in  that  way,  as  I  felt  sure  he  would  know  better  than 
to  follow  strictly  his  own  rule. 

In  reply  to  Mr.  W.  Howard  White's  query  as  to  the  prohibition  of 
allowance  of  web  in  calculating  plate-girder  flanges,  I  would  say  that  I 
do  include  the  web  in  solid  rolled  girders  where  the  thickness  is  com- 
paratively great,  the  whole  substance  of  the  cross-section  in  one  homo- 
geneous mass,  and  the  amount  of  material  generally  in  excess  for  shear; 
but  in  the  case  of  Iniilt  girders  with  the  plate  web  riveted  to  the  flanges, 
where  the  flanges  are  formed  to  take  the  horizontal  stress,  and  the  web 
the  shear  strains,  I  think  it  is  better  to  keep  each  to  its  own  particular 
duty  without  depending  on  the  other,  and  it  is  practically  on  the  side  of 
safety  to  so  consider  it.  According  to  the  theory  of  some,  this  web 
already  has  to  resist  a  tension  in  one  direction  and  a  compresion  at  right 
angles  to  it.  To  introduce  a  third  force  in  a  diagonal  direction  would 
seem  almost  too  much,  the  argument,  if  extended,  leading  to  a  "reduclio 
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ad  absurdum  "  that  a  web  jjlate  can  resist  any  number  of  forces  of  either 
tension  or  compression  in  any  direction  at  the  same  time,  provided  they 
do  not  follow  precisely  the  same  lines,  each  force  being  up  to  the  full 
capacity  of  the  sectional  resistance  of  the  plate  at  right  angles  to  it.  It 
is  only  of  late  years  that  I  have  required  in  plate-girder  work,  flange 
plates  in  compression,  where  spliced,  to  be  covered  to  their  full  section, 
as  it  has  been  found  almost  impossible  to  obtain  truly  butted  connec- 
tions. Broken  joints  in  built  compression  members,  as  posts,  etc.,  where 
planed  and  well  butted,  would  only  need  plates  sufficient  for  proper 
stiffness. 

I  see  no  reason  for  increasing  the  number  of  ties  under  the  rails  be- 
yond what  is  necessary  to  furnish  proper  support  for  them,  and  20  inches 
to  centers  is  a  convenient  distance  for  spiking.  In  case  of  wheels  getting 
off  the  track  they  will  run  over  these  10-inch  clear  spaces  without  diffi- 
culty, as  practical  experience  has  proved  it.  The  outside  timber  guard- 
rail, well  notched  to  the  ties,  is  considered  necessary  to  prevent  the  ties 
from  crowding  together,  as  well  as  a  gviard.  The  inside  guard-rail  may 
be  necessary  in  certain  special  cases,  but  generally  it  is  an  open  question 
whether  it  does  not  increase  the  danger  from  catching  brake  blocks,  etc., 
between  it  and  the  regular  rail  and  running  a  train  oft". 

As  to  the  limit  of  jiressure  on  masonry,  I  think  300  pounds  per  square 
inch  (21.6  tons  per  square  foot)  is  sufficient  for  ordinary  work.  I  have 
provided  for  a  larger  amount  being  allowed  in  specially  authorized  cases 
where  it  is  expedient.  I  think  21^^  tons  per  square  foot  is  about  twice 
what  it  should  be  for  fairly  good  brick-work.  Thurston  permits  on  brick- 
work in  cement  a  load  of  10  tons  per  sqiiare  foot.  Trautwine  states  that 
ordinary  brick-work  cracks  with  20  to  30  tons;  good  brick-work  in  cement 
30  to  40  tons;  and  that  first-rate  brickwork  in  cement  will  crush  with  50 
to  70  tons  per  square  foot.  One-sixth  to  one-tenth  of  these  figures 
would  be  considerably  below  what  Mr.  White  gives.  Sandstones  and 
ordinary  good  local  building  stones  are  very  variable  in  crushing  strength, 
and  I  do  not  think  that  the  limit  given  in  the  specification  is  too 
small  for  general  cases,  particularly  when  the  mason-work  is  not  under 
the  control  of  the  bridge-engineer,  as  is  often  the  case. 

In  regard  to  the  use  of  paints,  I  did  use  red  lead  for  some  years  as  a 
priming  coat  at  the  works,  and  while  I  believe  it  to  be  of  excellent 
quality  for  this  purpose  if  properly  put  on,  yet  there  was  considerable 
difficulty  in  getting  it  applied.     Humber,  in  one  of  his  works  on  bridge 
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construction,  very  strongly  recommends  a  special  preparation  of  iron, 
and  condemns  all  lead  paints.  Further  information  on  the  paint  ques- 
tion is  very  much  desired.  An  investigation  into  this  matter  in  a  chemi- 
cal laboratory  on  a  prominent  railroad  developed  the  fact,  I  believe,  that 
paint  made  from  the  refuse  of  zinc  batteries  of  the  telegraph  service  was 
the  proper  thing  to  use,  but  every  one  knows  that  zinc  paints  will  not 
stand  the  weather. 

In  reply  to  Mr.  Burr's  objection  to  my  neglect  of  the  load  in  advance 
of  the  drivers,  I  would  say  that  I  do  not  neglect  the  load  ahead  of  the 
drivers;  but  in  calculating  web  members  I  intend  that  the  drivers  shall 
be  so  placed  as  to  give  a  maximum  cross-girder  load,  and  any  load  on 
the  previous  cross-girder  is  omitted,  as  I  believe  this  will  give  maximum 
effects  in  the  web  members. 

Concerning  the  matter  of  web  stiffeners  I  of  course  admit,  as  I 
stated  in  my  jjaper,  that  a  web  of  sufficient  thickness  compared  to  its 
•deiith  will  resist  by  compression  and  tension  just  as  Rankine  computes 
it,  but  when  the  question  of  stiffeners  comes  to  be  considered,  it  is  for 
webs  very  thin  compared  to  their  depth.  In  the  model  which  I  used, 
the  web  was  of  thin  letter-paper  with  practically  no  stiffness  in  it  at  all. 
The  stiffness  which  would  be  imparted  to  it  by  tension  in  the  other 
•direction  is  of  no  importance,  as  a  deflection  ruinous  to  the  bridge 
would  be  reached  before  it  could  come  into  effect.  Take  a  long,  thin 
bar  under  tension.  How  much  force  is  required  at  right  angles  to  its 
length,  applied  at  its  center,  to  give  it  quite  a  sensible  deflection  ?  Its 
own  weight  will  do  it.  If  we  assume  that  the  stiffeners  are  not  fastened 
to  the  web  and  have  no  end  bearing,  bat  are  merely  held  against  it  so 
as  to  prevent  any  motion  in  a  direction  perpendicular  to  its  i:)lane,  we 
would  then  have  the  action  as  described  by  Prof.  Rankine,  in  which 
the  web  would  be  considered  as  a  fixed  column  in  a  diagonal  direction 
between  stiffeners,  of  a  length  equal  to  the  diagonal,  and  the  action  as 
described  by  Mr.  Burr  would  then  take  place.  The  computations,  fol- 
lowed strictly  according  to  Rankine,  would  deduce  a  thickness  of  web 
that  would  be  out  of  all  proportion  to  practice.  To  keep  that  thickness 
down  to  reasonable  limits,  Mr.  Burr  would  have  to  place  his  stiffeners 
very  much  closer  than  practice  requires.  If,  however,  the  stiffeners  are 
riveted  to  the  web  and  have  end-bearing  under  the  flanges,  compression 
to  the  web  cannot  take  place  without  a  resistance  from  the  stiffeners, 
the  strain  being  transferred  to  them  by  the  tension  on  the  web,  either 
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through  the  rivets  or  via  the  tipper  flange.  This  action  may  be  more 
or  less  partial  depending  upon  the  thickness  of  the  web,  but  to  avoid 
uncertainty  I  consider  it  best  to  put  sufficient  section  in  the  stiffen  ers 
to  take  it. 

Consider  a  lattice  girder  with  a  number  of  intersections,  the  web 
members  running  in  opposite  directions,  inclined  at,  say,  45  degrees 
with  the  vertical.  Those  taking  tension  are  computed  as  such,  those 
resisting  compression  are  computed  as  struts.  Now  let  the  compression 
members  be  placed  vertically  and  the  tension  members  be  left  as  they 
are.  The  same  condition  applies,  remembering  that  some  diagonal 
members  must  exist  in  both  directions  for  tension  from  direct  and 
counter  stresses.  Now  develop  the  lattice  into  a  plate-girder  by  making 
the  tensive  members  of  the  web  continuous,  and  by  concentrating  the 
compressive  members  into  vertical  struts  at  regular  intervals  apart, 
equal  to,  say,  about  the  depth  of  the  girder,  we  have  the  condition  of 
a  plate  girder  calculated  as  per  my  method.  If  the  original  lattice  with 
its  web  members  remaining  at  45  degrees  were  developed  into  a  plate- 
girder  in  the  same  way,  the  compression  struts  would  be  at  45  degrees 
instead  of  vertical,  and  if  both  tensive  and  compressive  members  were 
developed  into  plates,  the  condition  would  be  that  of  a  plate  girder 
without  struts,  and  would  be  calculated  as  per  Rankine's  method.  The 
natiiral  direction  for  the  forces  to  go  would  be  in  the  inclined  direction, 
and,  theoretically,  it  would  be  best  to  put  the  struts  inclined,  but  they 
are  placed  vertically  as  a  practical  matter  of  facility  in  manufacture  and 
in  making  of  connections.  A  portion  of  the  web  held  between  the  struts, 
and  extending  for  a  short  distance  outside  of  them,  depending  upon  its 
thickness  and  the  question  of  its  liability  to  biackling,  may  act  with  the 
strut  to  take  compression.  I  do  not  wish  to  be  understood  as  denying 
that  a  plate  will  take  compression  and  tension  at  right  angles  on  the 
same  section,  but  with  deep  webs  it  is  safer  not  to  go  down  too  close  in 
these  matters. 

I  beg  to  thank  Prof.  Merriman  for  his  beautiful  exposition  of  a 
method  of  determining  the  working  stresses  for  members  subjected  tO' 
varying  stresses.  I  have  not  seen  his  method  of  deducing  his  formula, 
but  it  certainly  ajjpears  to  give  very  rational  results. 

I  have  read  Prof.  Robinson's  criticisms  and  recommendations  with 
great  interest.  His  paper  reqiiires  considerable  study,  and  I  am  at 
present,  for  want  of  time,  hardly  prepared  to  say  how  it  might  influence 
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me  in  the  matter  of  modifying  my  specification  in  the  future.  His  first 
recommendation  is  one,  however,  not  very  difficult  to  provide  for,  and  well 
worthy  of  consideration.  There  is  some  risk  in  lessening  the  allowance 
for  safety  until  Ave  do  know  all  the  causes  which  we  have  to  provide 
against.  We  must  be  sure  that  we  eliminate  all  the  ignorance  before  we 
ignore  the  co-efficient  of  ignorance.  It  would  he  very  satisfactory  to 
know  positively  all  the  stresses  to  which  a  bridge  may  be  exposed,  and 
we  would  like  to  take  advantage  of  any  rules  in  arrangement  or  distri- 
bution of  parts  that  would  tend  to  lessen,  for  instance,  the  effects  of 
impact.  But  jiractical  experience  with  what  we  call  our  good  bridges 
would  still  warn  us  that  the  results  should  not  give  us  lighter  ones,  un- 
less it  can  be  proved  that  the  arrangement  of  panels,  or  other  means  of 
avoiding  certain  actions  of  forces,  is  a  jiositive  improvement  for  general 
cases.  A  law  for  the  lengths  of  panels  might  be  adopted  to  meet  cer- 
tain standard  wheel  spaces,  and  bridges  erected  in  conformity  with  it. 
Then,  some  time  hereafter,  it  is  more  than  likely  that  new  designs  of  cars 
to  suit  particular  requirements  of  trade  would  be  put  into  service  without 
any  consultation  or  even  notification  to  the  engineering  department, 
the  proportions  of  which  would  eliminate  all  the  advantages  derived. 
Bad  joints  in  the  track  would  l>e  a  source  of  increase  to  the  percentage 
for  impact  that  could  hardly  be  estimated.  Experiments  recently  made 
in  Europe  by  M.  Considere  in  reference  to  increased  stresses  in  members 
of  bridges  from  passing  trains,  showed  a  marked  increase  in  the  stresses 
from  bad  joints  in  the  rails.  It  seems  to  me  also  that  the  speed  of  trains 
would  aflfect  the  amount  of  impact  very  materially,  and  that  this  would 
be  a  difficult  force  to  take  account  of  with  any  exactness,  as,  in  the  case 
of  freight  trains  particularly,  the  speed  is  very  irregular. 

The  eff'ect  of  the  unbalanced  engine  wheel,  as  deduced  by  Prof. 
Robinson  from  his  experiments,  showing,  as  it  does,  a  material  increase 
with  the  length  of  span,  is  so  at  variance  with  the  generally  accepted 
practice,  that  it  will  bear  considerable  examination  and  investigation 
before  being  adopted. 

Very  often  when  bridges  break  down,  facilities  for  getting  at  the  real 
cause,  or  of  forming  an  opinion  on  the  same,  are  not  afforded  by  the 
railroad  company,  in  order  to  avoid  the  responsibility  that  might  ensue 
were  the  true  cause  known.  I  believe  that  in  all  cases  of  failure,  if  the 
full  details  of  the  structure  and  the  loading  can  be  obtained,  it  will  be 
found  that  some  part  of  the  In-idge  was  not  designed  in  consonance  with 
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the  recognized  practice  of  the  present  day  among  first-class  engineers. 
The  mystery  with  which  the  case  is  often  shrouded  is  only  a  cover  for 
the  protection  of  the  railroad  company. 

If  we  know  the  true  amounts  of  all  the  forces  to  which  a  bridge  can 
be  subjected,  and  raise  the  unit  strain  accordingly,  lessening  the  factor 
of  safety,  the  result  would,  I  think,  not  give  us  essentially  lighter 
bridges  as  a  class,  although  better  designed  and  with  a  more  uniform 
proportioning  of  parts,  as  we  would  have  greater  stresses  to  take  ac- 
count of  than  we  know  now.  Of  course  the  factor  of  ignorance  would 
be  lessened  to  a  minimum,  and  this  would  be  much  more  satisfactory. 
Our  experience  shows  us  that  there  is  a  large  factor  needed  for  wear  and 
tear,  and  also  a  margin  for  the  future  exigencies  of  the  service.  We  have 
never  yet  been  able  to  anticijiate  the  future  sufficiently  to  allow  our  rail- 
road bridges  to  last  to  anything  like  the  limit  of  the  durability  of  the 
iron.  The  material  may  last  indefinitely,  but  in  Europe,  as  well  as  in 
this  country,  bridges  which  have  not  worn  out  are  constantly  being  re- 
placed, solely  because  they  are  too  light  for  the  increased  service. 

Professor  Eobinson  takes  some  exception  to  the  values  in  the 
formulas  of  Launhardt,  Weyrauch,  etc. ,  which  would  open  up  a  discus- 
sion, going  behind  my  assumi^tion,  and  raising  a  question  as  to  the  cor- 
rectness of  the  deductions  of  eminent  authorities,  which  I  will  not  now 
attempt  to  consider.  Such  a  discussion  would  be  very  interesting  if  it 
could  be  followed  out,  and  might  result  in  modifications  of  value. 

In  reply  to  Professor  Swain,  I  would  say  that,  so  far  as  I  am  prejjared 
to  say  now,  I  would  not  like  to  increase  the  stress  for  iron  under  qui- 
escent loads  to  a  greater  amount  than  15  000  i^ounds  per  square  inch. 
Professor  Cain's  method  of  allowing  for  impact  appears  to  me  to  give 
results  in  consonance  with  practice,  and  it  is  very  convenient  of  applica- 
tion. Professor  Robinson's  researches  are  throwing  a  good  deal  of  light 
on  the  impact  question,  and  I  am  hardly  prepared  to  say  just  now  what 
ultimate  view  I  may  take  of  the  matter.  In  regard  to  the  formula  of 
Winkler  quoted  by  Professor  Swain,  a  comparison  with  my  formulas 
using  the  same  limiting  stresses  for  all  live  and  all  dead-load  as  I  do, 
would  give  results  for  intermediate  cases  not  varying  very  essentially 
from  mine.  But  with  the  values  Professor  Swain  suggests  for  American 
practice,  the  results  would  be  considerably  above  what  I  would  like  to 
adopt. 

Professor  Swain's  suggestion  for  calculating  the  upper  chord  when 
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subjected  to  cross-strain  is  not  tenable,  as  the  chord  does  not  act  as  a 
supported  beam,  and  it  must  be  taken  in  the  condition  in  which  it  actu- 
ally exists.  The  moments  may  be  positive  or  negative  according  to  the 
loading.  Some  approximation  may  be  used  in  obtaining  the  required 
values,  but  we  should  endeavor  to  obtain  the  maximum  effects. 

Mr.  Moulton's  deductions  and  comparisons  are  interesting  as  show- 
ing the  correspondence  between  the  formulas  of  the  specification  and 
practical  experience.  The  question  of  raising  the  vahie  of  the  working 
stress  in  compression  to  that  used  in  tension  is  a  matter  that  will  bear 
consideration,  but  I  do  not  think  we  have  sufficient  data  as  yet  to  fully 
justify  this  departure,  although  I  can  signify  my  inclination  in  that 
direction. 

Replying  to  Mr.  Boiler's  criticism  concerning  continuous  compres- 
sion members  being  hinged  over  points  of  support,  I  think  the  same 
principles  would  apply  as  in  continuous  columns  stiffened  at  inter- 
mediate points.  A  pin,  while  it  would  hold  the  column  in  place,  would 
give  no  bending  resistance  around  an  axis  through  its  center.  If  the 
chord  is  so  loaded  that  adjoining  bays  tend  to  bend  in  the  same  direc- 
tion, then  the  assumption  does  not  apply,  and  in  the  case  of  an  upper 
chord  of  a  through  bridge,  the  moment  due  to  the  weight  of  the  member 
itself  would  jirobably  have  this  effect.  But  for  deck  bridges  with  a  heavy 
load  on  one  bay  and  only  the  dead  weight  of  the  member  itself  in  the 
next,  the  downward  moment  of  the  latter  is  easily  overcome  by  the 
reflex  moment  for  the  adjacent  panel. 

Concerning  the  criticism  of  Mr.  William  Sellers  in  reference  to  the 
use  of  double-rolled  iron  and  the  exclusion  of  scrajj-iron,  I  would  say 
that,  as  a  general  rule,  I  am  myself  opposed  to  specifying  methods  of 
manufacture  at  the  same  time  that  certain  conformity  to  physical  tests 
is  required,  and  some  twenty  years  ago  modified  the  specification  then 
used  on  the  Pennsylvania  Railroad  very  materially  in  this  respect;  but 
the  requirements  of  double-rolling  and  omission  of  scrap  was  retained 
at  that  time,  because  I  believed  that  in  the  then  state  of  the  manufac- 
ture we  obtained  a  better  quality  and  more  uniform  material  than  we 
could  otherwise  do.  These  restrictions  have  been  retained  ever  since, 
although  I  am  willing  to  acknowledge  the  arguments  on  the  other  side, 
that  some  iron  is  better  not  double-rolled;  that  the  manufacture  has  pro- 
gressed so  that  there  is  no  difficulty  in  meeting  the  specification  with- 
out this  requirement;  that  scraji  has  to  be  added  to  some  iron  to  obtain 
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the  wishecl-for  result;  that  the  manufacturer  in  his  own  interest  will  not 
use  short  or  improper  scrap,  the  increased  facilities  for  testing,  etc., 
making  it  too  much  risk  to  do  so;  and  also,  above  all,  that  it  is  extremely 
difficult,  if  not  impossible,  to  know  that  we  obtain  what  we  specify,  it 
being  almost  certain  to  be  otherwise,  to  the  detriment  of  conscientious 
bidders  for  material,  etc.  Bearing  in  mind  also  the  greater  advantages 
and  reliability  of  the  methods  of  testing  employed  of  late  years,  I  am 
perfectly  willing  to  modify  my  views  in  this  respect,  particularly  so  as 
it  will  tend  to  promote  harmony  of  action. 

The  proportions  for  test  pieces  adopted  were  believed  to  conform  to 
those  used  by  the  United  States  Government  Inspectors,  and  it  was  con- 
sidered exceedingly  desirable  that  there  should  be  a  standard  in  this 
respect.  I  admit  the  advisability  of  having  the  length  a  uniform  multiple 
of  the  shortest  transverse  section,  and  would  willingly  approve  of  a  com- 
mon standard  for  test  pieces  if  one  can  be  agreed  upon. 

As  to  the  limitation  of  the  specification  to  wrought-iron  alone,  I 
would  say  that  I  have  not  the  data  at  hand  to  take  up  the  question  of 
steel  in  the  way  I  should  like  to  treat  it.  My  experience  with  steel  has 
not  been  very  great,  and  while  I  should  not  hesitate  to  use  it  for  heavy 
compression  pieces  or  large  chord  links,  especially  in  a  long  span  bridge, 
yet  I  hardly  think  I  know  enough  about  it  to  attempt  to  form  a  general 
specification  for  it. 

Mr.  Thatcher's  suggestions  in  reference  to  the  simplification  of  the 
work  of  computation  are  certainly  worthy  of  consideration.  I  am  un- 
certain as  to  whether  a  uniform  load  can  always  be  found  that  would 
jDroduce  essentially  the  same  results  as  the  wheel  loads,  but  I  have  no 
doubt  that  tables  could  be  prepared  covering  the  maximum  effects  for 
the  several  classes  of  engines,  which  would  facilitate  work.  We  have 
ah'eady  tables  in  use  which  cover  a  great  many  of  the  calculations  of 
the  specifications. 

Concerning  the  rule  that  the  cross-girder  load  shall  be  considered  as 
the  head  of  the  train  in  proportioning  web-members,  and  Mr.  Thacher's 
criticism  that  the  percentage  of  gain  on  the  different  members  varies 
largely,  I  would  say  that  I  do  not  think  this  variation  amounts  to  more 
than  the  variation  in  the  actual  weights  of  different  engines  of  the 
same  type  from  the  assumed  weight  for  that  type.  There  will  always  be 
a  slight  gain  in  stress  in  the  member  which  is  a  maximum,  but  I  think 
this  will  not  exceed  the  variation  for  different  engines. 
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As  to  the  division  of  dead-load  at  panel  points,  I  agree  that  an  ap- 
proximate general  rule  might  be  an  improvement. 

I  quite  agree  with  Mr.  Thaeher  that  it  is  poor  construction  to  carry 
the  floor  of  bridges  on  the  upper  chord  between  panel  points,  but  it 
seems  difficult  to  avoid  it  in  many  cases.  The  determination  of  the 
stresses  from  the  two  kinds  of  loading  is  undoubtedly  involved  in  some 
uncertainty,  but  I  have  endeavored  to  cover  the  case  in  the  method  I 
have  adopted.  I  have  treated  continuous  chords  only,  and  my  inten- 
tion is  that  the  combined  stress  in  the  outer  fibers  shall  not  exceed  the 
column  stress  b  at  the  middle  of  the  panel,  or  the  compression 
stress  a  at  the  panel  point.  I  found  no  reliable  formula  for  giving 
the  effects  in  a  continuous  chord  due  to  the  moments  from  pins  being 
out  of  the  neutral  axis,  and  therefore  had  some  investigations  made 
which  proved  that  while  the  moment  from  each  pin  affected  every  panel 
towards  the  middle  of  the  span,  the  alternate  panels  having  moments  of 
different  signs,  yet  the  combined  results  amounted  to  very  little  except 
in  the  first  and  second  panels  and  the  pin  point  between  them.  I  prefer, 
however,  to  avoid  these  moments  as  far  as  possible  by  keeping  the  pins 
very  near  the  neutral  axis,  and  for  any  slight  effect  in  the  first  panel 
there  is  generally  an  excess  of  section  over  the  theoretically  required 
amount.  I  have  considered  the  dead  load  as  acting  oii  a  continuous 
beam,  and  the  moment  for  live  load  as  three-fourths  that  on  a  supported 
beam,  believing  it  to  be  a  close  approximation  to  the  effect  from  a 
single  rolling  load  on  a  continuous  beam.  The  section  thus  given  for 
the  middle  of  the  panel  is  generally  in  excess  of  that  required  at  the 
panel  point,  so  that  it  was  not  necessary  to  specify  that  the  value  of  a 
should  not  be  exceeded  in  the  lower  flange  at  that  jjoint. 

The  question  of  excess  of  material  in  the  heads  of  eye-bars  is  under- 
going considerable  modification  from  the  old  rules,  as  I  intimated  in  the 
body  of  my  paper.  I  am  not  prepared  to  say  now  what  modification 
may  be  made,  and  probably  no  general  rule  would  apply  to  all  methods 
of  manufacture.  The  essential  point  however  is,  that  the  head  should  be 
fully  as  strong  as  the  body  of  the  bar,  and  the  less  metal  that  can  be 
used  for  this  purpose  the  better. 

The  use  of  constant  values  for  bearing  stress  and  for  bending  stress 
of  pins  might  give  less  labor  in  making  calculations,  but  I  do  not  think 
this  of  sufficient  imj)ortance  to  allow  us  to  ignore  the  differences  which 
would  then  occur  with  extreme  values  of  the  unit  stress. 
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The  limiting  distance  of  twelve  times  the  thickness  of  the  plate  be- 
tween centers  of  rivets  is  based  on  the  rule  that  the  compressive  strain 
in  the  flange  is  limited  to  that  for  a  length  of  twelve  times  its  width. 

I  do  not  believe  in  having  the  tie  plates  at  the  ends  of  compression 
members  too  long,  but  I  think  it  well  to  keep  up  the  number  of  rivets 
as  the  specifiation  requires.  Future  experiments  may  cause  some  modi- 
fication of  my  views  in  this  respect. 

In  the  special  cases  of  standard  girders  mentioned  by  Mr.  Thacher,  I 
would  say  that  where  rivets  are  staggered  in  rows  near  together,  I 
would  not  require  those  of  each  row  to  be  kept  twelve  times  the  thick- 
ness of  the  plate  apart.  I  think  that  compression  flanges  should  always  be 
well  riveted  together,  and  I  object  to  separate  plates  or  pieces  unless  they 
are  so  riveted  as  to  allow  no  tendency  to  separate  action.  The  44-foot 
standard  girder  mentioned,  was  designed  some  years  ago,  before  the 
present  specifications  were  prepared,  and  does  not  conform  strictly  to 
them  in  their  present  shape,  as  some  modifications  have  been  introduced. 

The  matter  of  camber  is  to  my  mind  a  question  of  appearance  only, 
and  generally  I  have  the  camber  framed  out  in  the  track  so  as  to  make  it 
level,  I  do  not  like  to  see  a  bridge  fall  below  a  level  line  and  the  speci- 
cation  gives  a  minimum  rise  only.  The  rule  of  the  specification  is,  I 
think,  sufficien*t  for  practical  purposes. 

I  do  not  make  any  claim  to  originality  in  the  formula  for  wind  brac- 
ing, having  adopted  that  which  seemed  best  to  suit  my  views.  My  ex- 
perience with  old  bridges,  however,  has  shown  many  cases  in  which  the 
bracing  was  too  light  for  ordinary  use  without  any  extraordinary  wind 
action,  in  many  cases  it  being  imijossible  to  keep  the  requisite  lateral 
stiffness  in  the  structure,  the  rods  stretching  continually  under  ordinary 
traffic  from  the  action  of  other  forces  than  wind.  The  assumed  wind 
force  is  taken  as  a  maximum,  and  of  course  it  is  not  as  severe  in  some 
localities  as  others,  but  it  would  be  hardly  i)ossible  to  make  any  distinc- 
tion for  location,  unless  it  were  for  a  place  where  very  extraordinary 
precautions  would  have  to  be  taken. 

Mr.  Pegram's  discussion  on  live  load  really  proposes  a  more  expe- 
ditious way  of  arriving  at  the  same  results  as  the  sjDecification  requires. 
In  the  old  days  of  my  labors  in  the  profession,  I  useti,  in  common  with 
other  engineers,  a  load  per  foot  lineal  of  each  track  to  cover  all  cases. 
This  method  was  improved  upon  by  taking  account  of  the  engine  wheel- 
loads.      It  was   foimd,   however,    that  no   sooner  was   the  latest   and 
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heaviest  engine  in  use  on  the  road  adopted  as  a  standard,  than  a  still 
heavier  engine  was  brought  forward.  To  provide  for  this,  typical  en- 
gines were  assumed,  which  were  supposed  to  cover  what  would  be  the 
actual  increase  in  weights  of  motive  service  for  some  years  to  come. 
These  typical  engines  had  been  in  use  for  only  a  few  years,  when  the 
third  engine  of  the  si^ecification  was  brought  into  service,  and  it  was 
foixnd  that  some  of  its  effects  on  cross-girders  and  for  short  spans  were 
in  excess  of  those  from  the  typical  engines.  I  therefore  added  it  to  the 
list.  Its  effect  is  limited,  and  only  comes  into  play  in  a  few  cases.  I 
have  no  doubt  that  half  a  dozen  types  of  engine  could  now  be  found 
which  exceed  our  typical  types,  although,  perhaps,  not  much.  This 
only  shows  how  inexpedient  it  would  be,  even  with  more  scientific  and 
exact  methods  of  calculation,  to  lighten  our  bridges.  The  great  point 
in  favor  of  stone  bridges,  and  really  their  saving  clause,  has  been 
their  great  excess  of  strength.  Those  who  favor  stone  bridges  say:  Oh 
yes,  they  cost  more  money  than  iron  bridges,  but  they  are  so  much 
more  permanent.  I  say,  put  the  same  excess  of  material  in  your  iron 
bridges,  or  rather  the  same  excess  of  cost,  and  you  will  have  a  structure 
much  better  adapted  to  resist  travel,  time,  and  the  elements,  than  you 
have  in  a  stone  bridge.  I  have  never  been  in  favor  of  stone  bridges  of 
any  size  for  railroad  traffic,  particularly  in  our  climate.  The  material, 
from  its  brittle,  crumbling  nature,  is  very  ill-adapted  to  resist  the  ac- 
tion of  variable  loads,  impact,  etc.,  and  wherever  frost  can  enter,  it 
slowly  but  surely  does  its  work.  I  have  examined  arch  culverts  over 
many  miles  of  road;  I  have  watched  carefully  some  stone  spans  of  con- 
siderable size,  and  have  had  to  do  with  extensive  repairs.  I  know  that 
this  is  so,  and  the  dilapidated  condition  of  many  even  large  culverts  on 
some  of  the  roads,  is  a  disgrace  to  them.  It  is  fortunate  that  they  are 
below  and  out  of  sight. 

To  come  back  to  Mr.  Pegram's  discussion,  however,  there  may  be 
some  difficulty  in  arriving  at  an  entirely  satisfactory  solution  of  the 
maximum  effects  by  a  simple  system,  but  I  believe  it  to  be  well  worthy 
of  the  attempt.  In  using  one  set  of  engines  similar  to  those  in  my 
specification,  it  is  easy  to  make  out  equivalent  uniform  loads,  giving  the 
same  moments  as  the  wheel  loads,  and  also  the  panel  loads  for  all 
lengths  of  panels.  Therefore,  I  did  not  appreciate  the  necessity  of 
simplification  so  much  as  manufacturers  would  do,  who  have  to  deal 
with  a  variety  of  specifications.     Any  system  covering  the  maximum 
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efifeets  would  liave  to  be  somewliat  in  excess  in  some  members.  I  am 
hardly  prepared  to  say  how  far  Mr.  Pegram's  loading  will  satisfy  the 
case.     This  will  require  some  investigation.  ^ 

In  reply  to  Mr.  Schneider,  I  would  say  that  it  is  very  seldom 
ctlumns  in  bridges  are  other  than  hinged,  but  the  specifications  were 
intended  to  be  general  and  to  include  all  cases.  Sometimes  fixed  ends 
do  occur;  but  when  doubtful,  I  should  certainly  consider  the  columns 
as  hinged.  I  do  not  quite  agree  with  Mr.  Schneider  on  the  question  of 
initial  tension  as  not  affecting  the  maximum  stresses  in  counter  rods. 
We  know  from  j)ractical  experience  that  when  counters  are  screwed  too 
tight  in  a  bridge,  th-^  loading  upon  them  will  break  them,  and?  evidence 
of  this  often  occurs.  The  initial  strain  screwed  into  the  rod  while  the 
bridge  is  at  rest  unloaded,  it  seems  to  me  will  remain  there,  in  addition 
to  the  counter  strain  that  is  put  upon  it. 

When  Mr.  Clarke  states  that  I  make  a  grave  mistake,  I  presume  he 
refers  to  the  question  of  double-rolled  iron  and  the  omission  of  scrap,  a 
matter  to  which  I  have  already  replied.  I  am  hardly  prej^ared,  hoAV- 
•ever,  to  admit  the  great  gravity  of  this  mistake,  although  the  require- 
ment may  be  inexpedient. 

In  conclusion,  I  beg  to  thank  those  who  have  taken  part  in  the  dis- 
cussion for  the  attention  they  have  kindly  given  to  the  matter,  and  for 
the  many  valuable  suggestions  they  have  made.  I  trust  that  the  result 
will  ultimately  tend  towards  truer  methods  of  bridge  calculation,  and  to 
greater  uniformity  in  specifications. 
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